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From: Williams, Jonathan
To: Benchouk, Michele [USA]
Cc: McDonnell, Kimberlee
Subject: RE: [External] RE: Vault clean-out
Date: Wednesday, February 17, 2016 9:48:13 AM
Attachments: image004.png


Glad to hear Akana is prepared to conduct field oversight.  I’m available to discuss expectations,
 based on what I know at this point, before 1:30 pm today.   
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Benchouk, Michele [USA] [mailto:Benchouk_Michele@bah.com] 
Sent: Wednesday, February 17, 2016 4:03 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: RE: [External] RE: Vault clean-out
 
Jonathan,
 
We do have Akana on board at this point.  We should talk today so I can come up to speed on your
 expectations with regard to field work oversight.
 
Michele
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Tuesday, February 16, 2016 7:31 PM
To: Marguerite Carpenter <MARGUERITE.CARPENTER@fmc.com>
Cc: Rob Hartman <Rob.J.Hartman@mwhglobal.com>; Rachel Greengas
 <Rachel.Greengas@fmc.com>; Kelly Wright <kwright@sbtribes.com>; Scott.Miller@deq.idaho.gov;
 susanh@ida.net; Benchouk, Michele [USA] <Benchouk_Michele@bah.com>; McDonnell, Kimberlee
 <McDonnell.Kimberlee@epa.gov>
Subject: [External] RE: Vault clean-out
 
Thanks for the notification.  I’ve attached the Work Plan EPA approved August 7, 2015 to be sure
 we’re on the same page regarding the work KW is planning to start tomorrow.  
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
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1200 Sixth Avenue, Suite 900, ECL-1
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Marguerite Carpenter [mailto:MARGUERITE.CARPENTER@fmc.com] 
Sent: Tuesday, February 16, 2016 2:11 PM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Cc: Rob Hartman <Rob.J.Hartman@mwhglobal.com>; Rachel Greengas
 <Rachel.Greengas@fmc.com>
Subject: Vault clean-out
 
Jonathan
 
KW is planning on starting the completion of the training center vault cleanout project
 tomorrow.  They will be removing the clarified water that is above the solids layer in
 the vault and then complete the cleaning of the up-gradient piping, including the
 video inspections, and isolation of the pipe from the vault.  As you will re-call, you
 approved the work plan for this last year.
 
Please call if you have any questions.
 
Best Regards,
Marjo
 
 
 
 
Marguerite Carpenter, PhD
Associate Director, EHS Rem/Gov
FMC Corporation
1735 Market Street
Philadelphia, PA  19103
Phone 215-299-6210


 
Please be advised that this transmittal may be privileged or confidential.  If you are not the intended
 recipient, please do not read, copy or re-transimit this communication.  If you have received this
 communication in error, please notify me by e-mail (marguerite.carpenter@fmc.com) or by
 telephone and delete this message and any attachments.  Thank you in advance for your
 cooperation and assistance.
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From: Williams, Jonathan
To: Zavala, Bernie; Boyd, Andrew
Cc: McDonnell, Kimberlee
Subject: FW: (Lepic FOIA) Argonne National Laboratory Independent Review of Technologies for P4: 2nd of two emails


 with final report
Date: Wednesday, February 10, 2016 9:52:47 AM
Attachments: Appendices Independent Review Phosphorus Remediation (A-I)-EVS-TM-15-2-January.pdf


Appendices attached.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Gervais, Gregory 
Sent: Monday, February 01, 2016 12:30 PM
To: OLEM OSRTI OD Materials <OLEM_OSRTI_OD_Materials@epa.gov>; Barr, Pamela
 <Barr.Pamela@epa.gov>; Fitz-James, Schatzi <Fitz-James.Schatzi@epa.gov>; Stalcup, Dana
 <Stalcup.Dana@epa.gov>; Ammon, Doug <Ammon.Doug@epa.gov>; Benjamin, Kent
 <Benjamin.Kent@epa.gov>; Baca, Andrew <Baca.Andrew@epa.gov>; Sims, JaniceHQ
 <Sims.JaniceHQ@epa.gov>; Sheldrake, Beth <sheldrake.beth@epa.gov>; Williams, Jonathan
 <Williams.Jonathan@epa.gov>; McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>; Woods,
 Jim <Woods.Jim@epa.gov>
Cc: Fonseca, Silvina <Fonseca.Silvina@epa.gov>; Adam, Michael <Adam.Michael@epa.gov>; Fiedler,
 Linda <Fiedler.Linda@epa.gov>
Subject: (Lepic FOIA) Argonne National Laboratory Independent Review of Technologies for P4: 2nd
 of two emails with final report
 
2 of 2
 
 
 
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
 
Greg Gervais, P.E.
Chief, Technology Assessment Branch | EPA OLEM OSRTI TIFSD
1200 Pennsylvania Ave NW, MC 5203P | Washington, DC 20460
703-603-0690 (o) | 571-289-2998 (c) | gervais.gregory@epa.gov | epa.gov/superfund | clu-in.org
 
**EPA cannot accept emails greater than 25MB | Contact me for send options**
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
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INDEPENDENT REVIEW OF ELEMENTAL PHOSPHORUS REMEDIATION AT 



EASTERN MICHAUD FLATS, FMC OPERABLE UNIT, WORK ORDER 
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PRESENTATION FROM SHOSHONE-BANNOCK TRIBES 
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ARGONNE’S QUESTIONS TO FMC 
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FMC RESPONSES TO EPA INDEPENDENT PANEL CONTRACTOR'S QUESTIONS 



AND REQUEST FOR ADDITIONAL INFORMATION DATED APRIL 21, 2015 
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SHOSONE-BANNOCK TRIBES’ RESPONSES TO ARGONNE’S 



QUESTIONS AND COMMENTS ON FMC’S RESPONSES 
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APPENDIX G: 



 



ARGONNE'S RESPONSE TO COMMENTS RECEIVED FROM 



SHOSHONE-BANNOCK TRIBES 
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APPENDIX G: ARGONNE’S RESPONSE TO COMMENTS RECEIVED FROM 



SHOSHONE-BANNOCK TRIBES 



 
 



Appendix G contains the response to the comments received on October 20, 2015, from 
Shoshone-Bannock Tribes on the Draft Report: Independent Review of Elemental Phosphorus 
Remediation at the Eastern Michaud Flats FMC Operable Unit near Pocatello, Idaho, 
September 2015. Note that page and line numbers referenced in this appendix refer to an earlier 
draft of this document. Italicized text indicates changes that were made in response to the 
comments received from the Tribes. 
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SBT 



Comment 
Number Tribes’ Comment Response by Argonne Review Team 



1 ANL prepared this report 
pursuant to an EPA 
Statement of Work (SOW) 
which did not request that 
ANL provide any analyses 
of costs. Instead, ANL was 
directed to review 
excavation and treatment 
technologies (ETTs) from a 
technology (science and 
engineering) perspective. 
The Shoshone-Bannock 
Tribes (Tribes) find it to be 
a major problem with the 
report that, contrary to the 
SOW, the costs of 
implementing ETTs are 
mentioned throughout the 
report. All of these 
references to costs should 
be deleted. 



The Tribes and the U.S. Environmental Protection Agency (EPA) agreed to the inclusion of cost in 
the content of “Limitations” for the review parameters. In drafting the report, Argonne provided very 
broad estimates of the cost of each ETT. Argonne did not analyze costs in any detail. Argonne 
believes that the report is in compliance with the SOW, as a cost “analysis” was not conducted. 
Argonne believes that it is necessary that costs be considered in determining whether to go forward 
with any of the ETTs. Hence, Argonne believes that the very broad discussion of cost provided in 
the Draft report should be carried forward into the Final report. If and when EPA determines to go 
forward with any of the ETTs, a very detailed analysis of cost will be an important part of the 
decision-making process.  



2 In the beginning of the 
report, there is only a brief 
discussion related to 
chemical and physical 
parameters that could affect 
the success or failure of an 
ETT. These factors should 
be reviewed more 
thoroughly, not only for 
their effects on 



Agreed, the document will be modified. The following will be inserted on Pg. 7, Line 37: 
 
White phosphorus is acutely toxic and poisonous, with a fatal dose for humans around 
50 mg. White phosphorus will spontaneously ignite in air at temperatures greater than 30oC 
(86°F); therefore, in addition to keeping P4 under water whenever possible, another 
generally applicable safety precaution is to work with P4 only under cold conditions 
(Rivera et al. 1996). The physical and chemical properties of P4 that could affect the ETTs 
discussed below include its melting point of 44°C, its densities of 1.828 g/cm3 (solid) and 



1.745 g/cm3 (liquid at 44.5°C), its vapor pressures of 3.4E-5 atm at 20°C and 1.0E-3 atm at 
76.6°C, and its solubility of approximately 4 mg/L at 25°C in water (Rivera et al. 1996). 
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SBT 



Comment 
Number Tribes’ Comment Response by Argonne Review Team 



remediation, but also for 
their possible effects on 
worker and community 
safety and health. For 
example, as stated by the 
Tribes at the September 
2015 meeting, the effect of 
cold temperatures during 
ETT use, such as reducing 
phosphine gas formation 
and/or lowering exposure 
(and therefore risk), should 
be reviewed in the 
document. 



 
Oxidation of P4 results in a number of different gaseous phosphorus species, the most 
abundant of which is P2O5 (Rivera et al. 1996). When exposed to water or humid air, P2O5 
is converted to phosphoric acid. This process can occur within human lungs after inhalation 
of P2O5, thus causing severe irritation. White phosphorus reacts to form phosphine gas 
(PH3) in moist, anoxic environments such as subsurface sediments and soils. The rate of 
this reaction increases dramatically with increasing pH (above 7) (Rivera et al. 1996). 
Phosphine gas is flammable and highly toxic with an auto-ignition temperature of 38°C and 
an LD50 (median dose) of 3 mg/kg. As with the oxidation/ignition hazard, the risk of PH3 
production can be mitigated by working with P4 at low temperatures (at least below 30°C) 
(Rivera et al. 1996). 
 
In addition to the acute inhalation hazard and dermal hazards associated with skin contact, 
chronic poisoning due to long-term exposure to P4-related vapors and gases poses 
significant risks that need to be accounted for in assessing site worker safety. Chronic 
exposure to P4 vapors and associated gases can cause necrosis of the jaw bone (phossy-
jaw) and damage to lungs, eyes, bones, and the gastrointestinal tract (Rivera et al. 1996). 



3 LDR treatment as an ETT 
needs clarification because 
several technologies can be 
used. A more detailed 
discussion of the caustic 
(alkaline) hydrolysis 
treatment should be 
provided as an example or 
should be discussed as its 
own technology rather than 
just being “part” of the 
LDR treatment. One 
question: Are there other 
technologies that could be 



This comment requires no change to the text. It appears that FMC was quite thorough in identifying 
the technology or technologies that could be used to address the land disposal regulation (LDR) 
treatment standards. The commenter is correct in noting that the LDR waste treatment system (WTS) 
is not a single ETT, but rather is a suite of technologies used to treat P4 and other hazardous 
constituents. The technologies associated with the LDR WTS were selected specifically because the 
technologies can meet the LDR requirements; hence, the name “LDR WTS.” The assemblage of 
technologies is described on Pgs. 87 and 88, and the components are summarized in bulleted fashion 
on Pg. 88. The review team specifically acknowledges that the LDR WTS is a process in that it is a 
collection of separate technologies.  
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Comment 
Number Tribes’ Comment Response by Argonne Review Team 



used in an LDR treatment 
process? It is important to 
denote that the LDR 
treatment is probably more 
of a system or process than 
an ETT because one ETT 
alone most likely will not 
satisfy the LDR 
requirements. 



4 The report needs stronger 
language and an 
explanation pertaining to 
the weakness of the current 
Conceptual Site Model 
(CSM), the lack of 
subsurface sampling and 
therefore characterization, 
and the many data gaps that 
affected ANL’s ability to 
evaluate the in situ 
technologies to a greater 
extent and created some 
difficulties in analyzing the 
ex situ technologies also. 
The Tribes suggest that 
there be more detailed 
discussion of these points 
in the 
conclusions/recommendatio
ns section of the report and 
in the executive summary 



Deficiencies in the CSM have been called out in numerous instances throughout the report. The fact 
that there is “sparse characterization data” available is noted in the Abstract. The fact that there are 
uncertainties about the CSM is noted in the Executive Summary. Furthermore, uncertainties about 
the CSM are discussed, where relevant, in the discussion on a specific ETT. Nevertheless, the 
Review Team needs to better explain how CSM uncertainties affected the review of technologies. 
The Review Team will include the following language in the Abstract, Executive Summary, and 
Summary and Conclusions.  
 
Abstract ES-2, Line 4:  after “…..and treat P4 wastes, then the Review Team determined that a 
number of the ETTs examined warrant further consideration for the treatment of P4 waste 
that has been characterized (for example, P4 waste present in the historical ponds). 
Nevertheless, concerns about the health and safety of site investigation workers using then-
available investigation approaches prevented the collection of subsurface samples 
containing P4 from large areas of the site (e.g., the railroad swale, the vadose zone beneath 
the Furnace Building, and the abandoned railcars), As a result, the contaminant CSM in 
those particular areas was not refined enough to allow the Review Team to draw 
conclusions about using some of the ETTs to treat P4 waste in those areas.  
 
Similar language will be added to ES-6, Line 42 and Pg 137, Line 12,  
If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used 
in combination to treat only a subset of the P4 waste present at the site. Concerns about the 
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Comment 
Number Tribes’ Comment Response by Argonne Review Team 



(as discussed several times 
at the September meeting). 
The inadequacy of the 
CSM and the lack of site 
characterization [were] 
especially apparent when it 
came to evaluating ETTs 
for the [Furnace Building] 
and the area where the 
railcars are buried, and 
these are both areas that the 
Tribes view as high 
priorities for cleanup.  



health and safety of investigation site workers using the then-available investigation 
approaches prevented the collection of subsurface samples containing P4 from large areas 
of the site, including, for example, the railroad swale, the vadose zone beneath the Furnace 
Building, and the abandoned railcars. It appears that no attempt was made to experiment 
with or to use alternative characterization methods (such as modified PPE, nonintrusive 
techniques, remotely controlled sample collection equipment, cryogenics, etc.) as part of the 
investigation. As a result, the CSM in those particular areas is not refined enough to allow a 
full evaluation of ETTs and to allow the Review Team to draw conclusions about the 
efficacy of the ETTs examined. However, in other areas of the site, for example, the 
historical ponds, process knowledge (information about the process waste stream 
discharged to the historical ponds), and the information gathered during both the CERCLA 
investigations and the RCRA-related investigations, provide the information needed to 
determine whether or not the ETTs considered warrant further consideration for P4 in those 
areas. 



5 There needs to be a section 
of the report on monitoring 
and measuring because 
these two parameters are 
entwined with the ETTs 
and the CSM. If one cannot 
monitor/measure phosphine 
gas while using a 
technology, then should it 
be considered or eliminated 
by ANL? Will it be more 
difficult to monitor and 
measure with one 
technology than another, 
and should this factor be a 
part of the evaluation of an 
ETT? Much, if not all, of 



This independent review focused on ETTs that could be used to treat elemental phosphorus and not 
on measurement and monitoring of phosphine gas and other toxic gasses. The Review Team has 
noted that FMC and other elemental phosphorus manufacturers have used monitoring technologies 
and analytical methods. In particular, monitoring for phosphine and other toxic gases seems to have 
a precedent at the FMC site and at other sites. See the response to comment 39 below.  
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Comment 
Number Tribes’ Comment Response by Argonne Review Team 



the ambient air an 
occupational monitor 
measuring ambient air and 
using methods that have 
never been properly 
validated obtained data 
used in the FS/SFS. There 
is no discussion on the 
possible effect this issue 
would have on the collected 
data and its analysis. For 
example, if any of the ETTs 
reviewed in the report were 
used at the FMC site, how 
could one be sure that 
phosphine and other toxic 
gases were not being 
released? Is the 
occupational monitoring 
and measuring protocols 
adequate for residential risk 
assessments? 



6 There is no mention of any 
bioremediation treatment 
ever being attempted nor 
was its feasibility 
considered for remediating 
phosphorous compounds at 
the site. Since it does not 
appear that ANL has a 
biologist or microbiologist 



It appears that this comment requires no change in the text. Argonne’s search of applicable 
technologies included potential bio-remediation tools. Argonne’s search included areas where P4 
remediation has been considered in the past.  Argonne found no cases where bioremediation was 
used at all and found no suggestion in the literature that bioremediation is a possible ETT worthy of 
further research. Intuitively, Argonne believes that bioremediation would not be successful, 
considering the reactive and ignitable properties of P4, even at low concentrations. 
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Number Tribes’ Comment Response by Argonne Review Team 



on their team, did ANL 
investigate or talk with 
other experts to see if 
injection of bacteria could 
work at the lower levels as 
an in situ remedial process? 



7 Page 9 (line 21) 
 
P4 analytical detection 
limit is not explained or 
provided, and did it change 
over time? 



It appears that this comment requires no change in the text. The Review Team is positing that P4, if 
present, would be present at concentrations ranging from above the analytical detection limit to 
nearly pure P4.  



8 Page 9 
 
The low temperature is an 
important point but values 
or ranges were not provided 
to the reader. 



This comment requires no change to the text. The temperature of the isotherm and the melting point 
of P4 are already called out in the discussion.  



9 Page 10 
 
Depth to railcars: is this 
figure correct or is it 
misleading, since the 
railcars are at ground level 
with material placed over 
them? In 2015, FMC 
moved between 20 [and] 
40 ft of stag (sic) from the 
top of the slag pile to other 
areas at the site. The railcar 
depths may no longer be 



Table 2-1 has been modified with a footnote to indicate the following: Since Table 2-1 was 
published (in MWH 2010), FMC has removed 20 to 40 ft of slag from the top of the slag pile 
to other areas at the site. 
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Number Tribes’ Comment Response by Argonne Review Team 



80 ft below surface.  
10 Section 2.2  



 
Is the CSM discussion 
complete? The issue of P4 
retention and the 
experiment would seem to 
fit in a data gaps section on 
the CSM (possibly a new 
section). See Major 
Comments, above, for 
additional needs in this 
section. 



Agreed. The discussion on the issue of P4 retention and the suggested bench- and pilot-scale studies 
(Pg. 9, Lines 32 to 36) will be moved to the discussion on in situ technologies in Section 5.1. 
 
Regarding the comment on preparing a new section to discuss the data gaps for the CSM, the 
Review Team has already discussed CSM data gaps as they relate to implementing ETTs, especially 
in the case of the in situ technologies. See how the Review Team responded to this comment in 
Major Comments above.   



11 Section 2.4 
 
“…Some of the remedial 
actions that were proposed 
(in the IRODA) informed 
the way the Review Team 
performed the evaluation of 
the ETTs.” This statement 
is not clear and needs to be 
more informative, possibly 
with an example.  
 
Section 2.5.2.3 
 
It would be beneficial for 
Argonne to state whether or 
not the Review Team found 
and reviewed any TCLP 



Agreed. Pg. 14, Lines 22, 23, and 24 text will be modified as follows: The IRODA is summarized 
here because some of the proposed remedial actions, including the groundwater pump and 
treat (P&S) system, informed the way the Review Team performed the evaluation of the 
ETTs. 
 
 
 
 
 
 
 
 
 
It appears that this comment requires no change in the text. The purpose of the LDR WTS was to 
generate a waste that would pass the LDR Universal Treatment Standards. TCLP data for stabilized 
product produced by the LDR WTS were reported in the multivolume report on the system. The 
Review Team examined the concentrations reported in, for example, Table 4.1-4, Characteristics of 
the Stabilized Product in Volume I. The LDR WTS documentation relates to treating both waste 
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Number Tribes’ Comment Response by Argonne Review Team 



testing. If so, what were the 
conclusions?  Supposedly, 
FMC did some TCLP 
testing. Thus, if the 
leachate fails TCLP, it 
should be noted that this is 
another RCRA issue. 



generated by active processes at the former FMC plant and sludge extracted from Pond 8S. Were a 
version of the LDR WTS to be used to address P4 wastes under a remediation scenario, there would 
be different waste acceptance criteria for the LDR WTS, and the TCLP would probably have to be 
repeated. 



12 Section 2.5.4 
 
The discussion of RCRA 
compared to CERCLA, 
including CAMUs, is 
interesting. Since the site is 
in EPA Region 10, does 
Region 10 have any 
guidance on this issue? 



Comment noted. 



13 Section 2.5.5 - RSLs 
(Remedial/Regional 
Screening Levels) 
 
ANL may be using RSLs 
improperly here because 
they are screening levels 
and not necessarily 
remediation concentrations. 
The RSLs are generally 
based on human health 
numbers for screening 
purposes only, and not 
necessarily remediation 
levels for soil 



It appears that this comment requires no change in the text. The Review Team has included this 
discussion to discuss cleanup levels in a relative sense, the thought being that in treating P4, one may 
need to do more than to remove the “reactivity” characteristic. The Review Team indicates that these 
levels “may” be applicable if and when one decides to actually implement a given ETT.  
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concentrations of a 
chemical, e.g., P4. Also, 
Region 10 does not have to 
recognize the Region 3 or 9 
concentrations as an ARAR 
because they are not 
necessarily applicable to 
the site. Mostly, 
clarification is needed in 
this section. 



14 Section 2.5.5.1 - SBT Soil 
Remediation Levels 
 
ANL quotes a portion of 
the IRODA that states that 
the Tribes’ Soil Cleanup 
Standards (SCS) “require . . 
. excavation and/or 
treatment of all buried 
elemental phosphorus on 
the Fort Hall Reservation. 
Among the Tribes’ stated 
goals in promulgating the 
SCS is restoring all land 
within the Reservation to 
its original state prior to the 
contamination that the 
standards are designed to 
address.”  ANL concludes 
from this statement [that] 
“It is clear that the 



The text will be modified as follows (Pg. 24, Line 33): It is clear that in some cases the Shoshone-
Bannock Tribes’ cleanup standard for P4 in soil would entail complete removal, which 
typically is interpreted to entail removal to the extent that no contaminant that is detectable 
when  using validated and approved analytical techniques. However, the SCS specifically 
provides in §1.1 that “The Tribes recognize, however, that there are situations where use of 
Commercial/Industrial Cleanup Standards rather than Unrestricted Use standards may be 
appropriate, or where attainment of the Cleanup Standards may be technically 
impracticable.” The Tribes also specify, however, that “The SCS do require soils that 
exhibit the characteristics of ignitability or reactivity to be treated to eliminate those 
characteristics, or else the soils must be removed from the site (Part 4).” Hence, it appears 
that the Tribes’ SCS would permit application of a cleanup standard other than complete 
removal of P4, as long as the remaining media would no longer exhibit the RCRA 
characteristics of ignitability and reactivity. This would entail developing a set of criteria 
that would establish a de facto definition of RCRA ignitability and reactivity, specifically 
due to P4 content, as well as an alternate numerical cleanup standard for media that 
contains P4 below RCRA ignitability and reactivity characteristic levels.  
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Shoshone-Bannock Tribes 
cleanup standard for P4 in 
soil would entail complete 
removal.”  However, 
EPA’s description of the 
SCS is inaccurate and 
incomplete, and ANL’s 
conclusion about the SCS is 
incorrect. 
 
The SCS specifically 
provide[s] in § 1.1 that 
“The Tribes recognize, 
however, that there are 
situations where use of 
Commercial/Industrial 
Cleanup Standards rather 
than Unrestricted Use 
standards may be 
appropriate, or where 
attainment of the Cleanup 
Standards may be 
technically impracticable. 
The Cleanup Standards 
provide alternatives for 
these situations, as 
discussed further in Part 3 
below.”  SCS § 3.1 
authorizes a facility owner 
or operator to petition to 
use the 
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commercial/industrial 
cleanup standards in lieu of 
the standards for 
unrestricted use.  Notably, 
the numerical SCS (Tables 
A-D) contain values for 
both residential and 
commercial/industrial use.  
Therefore, treatment to 
industrial standards may 
satisfy the SCS. 
 
The SCS also provide for 
alternative standards to be 
applied if the unrestricted 
use or 
commercial/industrial 
standards cannot be 
achieved due to technical 
impracticability (§ 3.2). In 
addition, and when 
appropriate, site-specific 
standards may be 
developed for some or all 
portions of the site (Part 4), 
and in a policy statement 
issued in February 2011 the 
Tribes’ Environmental 
Waste Management 
Program (“EWMP”) 
explained the general 
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procedures and bases for 
developing site-specific 
standards (“EWMP Policy 
for Setting Site-Specific 
Cleanup Standards under 
the Shoshone-Bannock 
Waste Management Act”). 
 
The SCS do require soils 
that exhibit the 
characteristics of 
ignitability or reactivity to 
be treated to eliminate 
those characteristics, or else 
the soils must be removed 
from the site (Part 4). The 
ANL Report discusses 
ETTs that would provide 
for such treatment or 
removal. 
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15 Section 5.1.1 - Thermal 
Treatment and Recovery. 
Thermal Conduction and/or 
Electrical Resistance 
Heating. 80 feet.  
 
It is very difficult to 
evaluate this ETT without 
detailed data as to where 
the P4 is located. This ETT 
also is not likely to remove 
other constituents (metals). 
Another big unknown is 
where the P4 would go 
besides along the hydraulic 
gradient, and the amount of 
P4 that would be removed 
versus the amount that 
would stay. The removal 
efficiency is unknown 
without testing. And again, 
this only accounts for the 
P4 and not the other 
contaminants that would 
not be removed by the 
process unless trapped or 
associated with the P4. 
Finally, even if the 
“original” P4 is removed 
after testing, the area will 
more than likely rebound 



Regarding the difficulty in evaluating this ETT without detailed data as to where the P4 is located, 
see the comment response on the CSM above. The July 1, 2014, Work Order bounded the review 
parameters as follows: 
 



 Extent of Review – The review will encompass ETT for elemental phosphorus, its chemical 
reactions, and byproducts in the soil at the FMC OU. Other contaminants or media will not 
be evaluated unless it is determined that they impact the efficacy of an ETT. 



 
As a result, the Review Team focused on technologies that could address P4. To address this 
comment, a sentence will be added on Pg. 36, Line 27 as follows: Inorganic hazardous 
constituents present would be brought to the surface along with the P4 mobilized by the 
heating method.  
 
A sentence will be added on Pg. 38, Line 7: Inorganic hazardous constituents present in the P4 
that could not be mobilized by the heating method would remain in the subsurface.   
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(be replenished) with more 
P4 after the original 
removal. This issue has 
been demonstrated and 
documented several times 
under the CERCLA order 
for Ponds 16S and 15 (and 
others). 



16 Table 5.1 - Thermal 
Treatment 
 
The Tribes appreciate ANL 
doing a technology 
evaluation table for each 
ETT, and it adds to the 
evaluation and readability 
of the report. There should 
be a statement as to the 
purity of P4 that might be 
recovered and possibly 
sold, although the sale 
probably would have only a 
small impact on the overall 
cost.  Also, there could be 
negative impacts if the 
“now” liquefied P4 moves 
in many directions without 
being able to be contained, 
possibly making the 
situation worse. 



Pg. 39: The discussion on overall advantages and disadvantages will be modified as follows: The 
purity of the P4 that would be recovered is unknown.  
 
Table 5-1 already includes a discussion on the need for containment in the section titled 
“Limitations.” 
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17 Section 5.1.2  Solvent 
Leaching  
 
While the report is 
primarily about P4, it 
would be important to 
mention other COCs which 
could be a limiting factor in 
using this technology since 
most other COCs would not 
be soluble in oils, etc. Cost 
and recovery would be 
high, but bacteria would 
flourish with some of the 
oils. Train tracks on site are 
a big plus for being able to 
deliver a solvent to the site. 
 



Pg. 38, Line 34: A sentence will be added as follows: Hazardous inorganic constituents present in P4 
would be soluble in water but only sparingly soluble in the organic solvents mentioned below. It is 
only slightly soluble in alcohol (C2H6O), ether, and benzene (C6H6).  
 
 



18 Section 5.1.3  Oxidation 
(with hydraulic barrier) 
 
One limitation missed in 
the discussion of the ETT 
(as well as of others, as 
noted above) is that other 
COCs were not mentioned 
and their removal is 
unlikely. A hydraulic 
barrier would have its own 
limitations. This 
technology is very good for 



It appears that this comment requires no change in the text. Of all of the in situ technologies 
discussed, oxidation (with a hydraulic barrier) has the greatest potential to address inorganic 
hazardous constituents, in that inorganic constituents could be brought to the surface along with any 
other P4 oxidative reaction products. 
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removal at groundwater 
depth, but some Remedial 
Units at the FMC site are 
not amenable to this 
technology (meaning this 
ETT would have to be used 
in conjunction with another 
ETT).  Another limitation 
would be getting a hot 
material (solvent) to 80 feet 
bgs.  



19 Section 5.1.4 - 
Containment Technologies 
 
Three examples of 
containment technologies 
are provided in the report. 
EPA Region 3 has led EPA 
in building barrier and 
slurry walls, some 50-80 
feet bgs. 
 
No mention is made of the 
possible effects of a 
containment wall i.e., 
stopping groundwater flow, 
backing it up so to speak.  
Also, buried piping and 
material would be an issue 
for containment in these 
areas, but see ex situ for 
facing those issues. 



Containment technologies are discussed in the context of being coupled with other ETTs in order to 
treat and remove P4 from the subsurface, not just contain it in the subsurface. The following changes 
will be made to Pg. 48, Line 21: ... containment system to isolate the treatment area, preventing 
both the solvent and the target compound from escaping and blocking groundwater flow 
into the treatment zone.  
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20 Section 5.2.2   Mechanical 
Excavation Technologies  
 
Page 54 cites Figures 5-3 
and 5-5 but they do not 
follow page 54. There is no 
information discussing 
ambient temperature below 
44 degrees C and its effect 
on the excavation. If the 
excavation were done at 
cold temperatures, would 
the hazards and exposure 
be minimized? 



Pg. 54, Line 1: A phrase will be added to the sentence as follows: … performing the excavation 
when ambient temperatures are below 30°C (or by controlling temperature in a temporary 
structure erected over the excavation site) and/or by keeping the white-phosphorus-bearing 
materials covered and saturated with water, while the off-gas from the excavation site could 
be captured and treated. 
 
Pg. 54, Line 4: The sentence will be modified to include a reference to the use of a temporary 
structure over the excavation site: The pyrophoric hazard could be mitigated by performing the 
excavation when ambient temperatures are below 30°C (or by controlling temperature in a 
temporary structure erected over the excavation site) and/or by keeping the 
white-phosphorus-bearing materials… 
 



21 Section 5.2.3  Cutter 
Suction Dredging 
 
This ETT appears feasible, 
but it captures the material 
without treatment. Most 
likely it would still be 
necessary to do some long-
reach excavator process. 



It appears that this comment requires no change in the text. Section 5.2 is titled “Ex Situ Excavation 
Technologies.” Discussion is included to the effect that in order for P4 waste to be treated by an 
ex situ technology, the waste would have to be excavated, stored, sampled, sized, and blended first. 
The Review Team has explicitly stated that the ETT in this case captures the material without 
treatment.  



22 Section 5.2.4  Thermal-
Hydraulic Dredging 
 
Again, dredging is a 
technology for removing 
the waste but not treating it, 
as noted in the report and is 
true for many of these 
technologies. 



It appears that this comment requires no change in the text. Section 5.2.4 is within Section 5.2, 
“Ex Situ Excavation Technologies,” so the response provided above is applicable.  
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23 Section 5.2.5  Excavation 
Methods Summary  
 
There is some speculation 
in the beginning of this 
section that could be 
lessened if the appropriate 
testing were conducted.  It 
would be necessary to 
remove (move) the slag to 
view the railcars and the 
material below the railcars, 
which may have leaked 
from the cars over time. 



Comment noted. 



24 Section 5.3 
 
Ex situ incineration is 
feasible. The difficulty at 
this site most likely would 
be the feed system, and 
how to accomplish it with 
minimal exposures. ANL 
calls it preprocessing. 
There is not a comparison 
between mobile and 
stationary incinerator 
systems. It is likely the 
mobile system would create 
fewer issues, but either 
could function well at this 
site. One problem may be 



It appears that this comment requires no change in the text. There is a comparison of on-site vs off-
site incineration on Lines 32 to 46 on Pg. 125 and Lines 1 to 31 on Pg. 126. The time to implement 
and treat waste is stated as requiring more than 10 years.  
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the amount of CO2 
released.  
The time to implement and 
treat waste is stated to take 
10 years. This value seems 
overly conservative and 
data are not provided to 
understand this value 
(i.e., feed rate of 
incinerator, treatment per 
day, depth of excavation, 
etc.). 



25 Section 5.3.2 
Drying/Mechanical Mixing 
 
Units of measurement need 
correction and clarification 
for the reader. Note 12,000 
gal is not 40,000 liters. The 
numbers in this section do 
not make it very 
understandable. Pounds of 
water on a railcar? For 
example, how many pounds 
of water can a railcar hold? 
Most railcars hold about 
200,000 pounds or 
100 tons, but older railcars 
may not hold that amount. 
In this instance weight is 
not as important as volume. 



Pg. 74, Line 13: The text will be modified as follows: …a railroad tank car containing 12,000 gal of 
liquid P4 (approximately 40,000 L, 170,000–175,000 lb)…   
 
The Review Team is repeating the information from the cited reference. Absent information to the 
contrary, the Review Team would like to retain the existing quantities and units of measure.  
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Page 78 Line 33 citing EPA 
RSL of 23 mg/kg which 
MAY be a target 
concentration. Since it is 
not a Region 10 value, it is 
probably wiser not to use it 
in this evaluation or to cite 
(clarify) it as a Region 9 
value when ANL uses it, 
even if that fact was stated 
previously. 



The Review Team will cite Region 9 as being the source of the RSL.  



26 Section 5.3.3 - A & W 
 
Page 8, top. P4 treatment 
done; is it possible to 
remove the metals with a 
lime precipitation process? 
Not stated. Answer yes. 
May be beneficial to state 
this aspect, as it is an 
advantage over a 
technology that does not 
remove or bind the metals. 
 
Page 84, 3rd paragraph. 
“...soils and residuals 
excavated from the FMC 
site…might make the mud 
still not be effective” is 
speculation because tests 
have not been done at the 



It appears that this comment requires no change in the text. The Review Team has noted in Section 
5.3.3.1 that residuals solids might contain heavy metals and that residuals solids would require 
additional treatment to meet RCRA LDR requirements, or on-site disposal in a RCRA CAMU 
(Pg. 82, Lines 8 to 16). 
 
 
 
 
 
 
 
 
It appears that this comment requires no change in the text. The Review Team is noting that low 
concentrations of P4 might impact the efficiency of the A&W mud still, which is reasonable given 
that the unit was tested at P4 concentrations of 20%. 
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Silver Bow site or at the 
FMC site. Unless you can 
show scientifically why, 
then it is speculation. 



27 Section 5.3.4 - LDR 
processes and the Waste 
Treatment System (WTS).  
 
Built but torn down and 
never used by FMC. See 
major comment on LDR. 



Comment noted. It appears that this comment requires no change in the text.  



28 Section 5.3.5 - Wet Air 
Oxidation 
 
This process may be 
difficult to control at the 
FMC site. It may be 
possible in certain areas of 
the site, but without testing, 
one can only show by 
theory. 
 
Solvent extraction in a 
vessel should explicitly 
state the vessel size would 
limit the process. 
 
Table 5-15 has a 
contradiction. The first 
description states that the 
ETT is “considered 



It appears that this comment requires no change in the text. FMC also determined that WAO 
technology would be difficult to operate at the site. FMC-related research went far beyond the theory 
stage.  
 
 
 
 
 
 
 
 
The reference to solvent extraction and solvents seems out of context. WAO is not a solvent 
extraction method. 
 
 
 
Table 5-15 does not include a contradiction. The Review Team notes that WAO is mature in the 
waste treatment industry, but that only a pilot-scale version has been assessed for treating P4.  
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mature” but only a pilot-
scale treatment has been 
done. Then the third 
description states, “lack of 
maturity of this method.” 
Many of the solvents that 
could be used have their 
own drawbacks. Testing 
with oils may be the first 
attempt at doing this type 
of extraction at a 
phosphorous site. If ANL is 
aware of other attempts, 
that should be noted in the 
report. 



29 Section 5.3.7 - Off-site 
Incineration 
 
It is unclear from the report 
whether there are other 
types of incineration 
available besides the rotary 
kiln referenced in this 
section. 



It appears that this comment requires no change in the text. When FMC performed a nationwide 
survey in the mid-1990s, incinerators and wastewater treatment facilities were surveyed. The Review 
Team does not know what types of incinerators were surveyed.  



30 Section 5.4 - Ex situ 
Disposal  
Pages  
 
Pg. 99-100 On-site disposal 
– ANL explains that, 
although the IRODA 



The Review Team has discussed disposal that would occur only after treatment to remove P4 to 
acceptable levels. The text on Pg. 100, Line 5, will be modified as follows: However, on-site 
disposal of residuals that remain after P4 has been removed to acceptable levels by treatment is 
examined herein.  
 
Argonne also disagrees with the Tribes regarding the assertion that “when P4 remains in the soil, due 
to its reactivity and ignitability, the exposure pathway cannot be minimized or eliminated.” Argonne 
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remedy of capping and 
cover is effective in 
reducing risks to human 
health and the environment 
when the exposure pathway 
is minimized or eliminated, 
“only rarely have these 
types of remedies been 
approved of for soil and 
debris that are reactive and 
ignitable, such as P4.” The 
Tribes comment that when 
P4 remains in the soil, due 
to its reactivity and 
ignitability the exposure 
pathway cannot be 
minimized or eliminated. 
Evidence of this problem 
abounds at the FMC site, 
where capped RCRA ponds 
continue to react and emit 
toxic phosphine gas and P4 
continues to make its way 
into the groundwater. 
 
ANL then states that 
capping and cover “are not 
presented in this document 
for soil and debris 
containing P4 above the 
cleanup level of 23 mg/kg,” 



maintains that once the reactive component of the P4 waste has been treated, even though some P4 
would remain in the waste, a well-designed and cared-for cover can effectively preclude migration 
of contaminants and can eliminate or at least minimize the exposure pathway. 
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which ANL identified in § 
2.5.5 as a soil remediation 
goal for P4. SBT supports 
ANL’s elimination of 
capping and cover of 
untreated waste as an ETT 
worth further exploration in 
its report, for the reasons 
stated above. 
 
Solidification/Stabilization 
is pretty much ignored 
basically because of the 
increase in size of the waste 
to then dispose of in a 
CAMU-like containment. 
The alternative should have 
been more thoroughly 
investigated regardless of 
the size or volume. 
Encapsulation was 
probably not considered for 
the same reason, plus it is 
energy-intensive; is that 
correct? It seems ANL 
would agree with this 
statement because in the 
first line under Section 
5.4.1.2 ANL states: 
“Disposal of treated waste 
and soils and debris…in an 



 
 
 
 
 
 
 
 
 
 
The Tribes also imply that stabilization, solidification, and even encapsulation could be used to 
address the P4-contaminated areas. Argonne disagrees with this implication. First, Argonne is 
unaware of any stabilization, solidification, or encapsulation technology that would be successful on 
contaminated media containing high or even moderate concentrations of P4. Noteworthy is the failed 
experience with in situ stabilization attempted at Tarpon Springs, Florida. One could dilute the P4 
with solidification and stabilization media so that the P4 would then be present only at very low 
concentrations, but Argonne believes that this “dilution is the solution” approach would be 
unacceptable from a number of different perspectives. More important, Argonne understood that its 
charge was to evaluate ETTs that would remove the P4 as the principal threat waste. Stabilization 
and solidification technologies, other than diluting the P4 with massive amounts of stabilization or 
solidification materials, would be ineffective for addressing anything other than treated materials 
from which the bulk of the P4 has been removed to acceptable levels. And here also, the purpose of 
the stabilization or solidification would not be to address the P4, but rather to address heavy metals 
or radionuclides that may remain within the treated residue. 
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on-site CAMU or 
CERCLA on site land 
disposal unit is applicable 
to FMC (the site).” Without 
treatability studies, it is 
difficult to know the 
approximate increase in 
volume with stabilization 
processes. Solidification 
would probably at least 
double the waste material 
for containment on-site. 
 
Section 5.4.2  Off-site 
disposal 
Creating a new off-site 
disposal facility has been 
done at other sites for large 
amounts of waste with 
reactive, radioactive issues 
and metal issues (e.g., Oak 
Ridge, TN).  
 



Saving money 
through on-site 
disposal could, in 
turn, accelerate the 
cleanup work at Oak 
Ridge National 
Laboratory and Y-12 
National Security 



 
 
 
 
 
 
 
 
 
 
 
 
 
The citation referenced by the reviewer appears to be describing an on-site disposal facility not an 
off-site disposal facility.  
 
The Review Team evaluated disposal (whether on or off site) assuming that the waste to be disposed 
of would first be treated to remove the P4-related hazards. Off-site disposal would be needed only to 
address any heavy metals or radionuclides that remain in the treated media.  
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Complex, said Laura 
Wilkerson, federal 
project director for 
the Y-12 National 
Security Complex in 
the Oak Ridge 
Office of 
Environmental 
Management. The 
new landfill, the 
Environmental 
Management 
Disposal Facility, 
would be built on 
Bear Creek Road 
west of the Y-12 
National Security 
Complex near 
another landfill that 
is already in use and 
has been operating 
since 2002.  The 
earlier 43-acre, six-
cell landfill is known 
as the Environmental 
Management Waste 
Management 
Facility. It has a 
capacity of 2.18 
million cubic 
yards—about 



 
 
 
 
 
 
 
 
 
 
 
 
 
The third bullet for the Overall Discussion of advantages and disadvantages in Table 5-20 will be 
replaced with the following language: 
 
The cost of transporting treated P4 waste to an off-site disposal facility would be high relative to the 
cost of on-site disposal of treated P4 waste.  
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872,000 pickup truck 
loads—and it is 
roughly 66 percent 
full. It’s expected to 
be filled by the 
remaining cleanup 
work at the East 
Tennessee 
Technology Park, 
also known as the 
former K-25 site, 
sometime around 
2023. (DOE) 



 
ANL states that this option 
would not be considered 
because of the high cost 
and other aspects.  Those 
types of statements should 
have not been placed in this 
document because of their 
speculative nature and the 
fact that costs were not 
supposed to be considered. 
Table 5-20 also lists as the 
first disadvantage that it 
would take many years; 
however that same 
disadvantage was not listed 
in other long-term 
remediation options. Thus 
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an unfounded bias seems to 
be part of this alternative 
evaluation. Indeed, a 
comparison is made to the 
interim IRODA: “The cost 
would be high relative to 
the cost of cap and cover 
options.” But ANL did not 
provide an evaluation of a 
cap and cover option and so 
has no independent basis 
for making this statement; 
instead ANL is accepting 
the IRODA’s value without 
doing its own analysis. The 
Tribes disagree with this 
approach and its use in this 
report, which is intended to 
be an independent review. 



31 Section 5.5.1 Piping 
Section needs more depth 
to it. 



Comment noted. 



32 Section 5.5.2  Railcars 
 
In May 2009 FMC 
commissioned MWH to 
complete the SFS 
Technology Screening 
Memorandum for Buried 
Railcar Evaluations for the 
FMC Operable. The report 



The memorandum mentioned in the comment is Appendix B of the Supplemental FS, which the 
Review Team has used as an assumed authoritative source for the following: (1) gathering 
information about the abandoned railcars and (2) drawing conclusions about the potential 
applicability of ETTs. The Supplemental FS has been cited in the Independent Review as 
(MWH 2010). To be more specific and address the noted comment, Pg. 110, Lines 41 to 43, will be 
amended in response to a detailed comment from the EPA about the same topic.   
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stated the buried railcars 
contained an estimated 
range of 200 to 2,000 tons 
of P4 sludge (depending on 
the amount of P4 in each 
railcar, as reported in 
Section 4.15.4 of the SRI 
Report).  The report cited 
the need to remove 300,000 
cubic yards of material to 
reach the railcars.  FMC 
has moved over 4 million 
cubic yards from the slag 
pile in 2014 and 2015. This 
report should be cited in the 
report when railcars are 
discussed.   



33 Section 5.5.5.5   
Applicability to FMC 
 
ANL states here (Pg. 113) 
“At a minimum, a more 
refined CSM is needed, 
including a better or 
complete understanding of 
the location, configuration, 
and condition of the 
railcars.” This is one of the 
instances in which 
weaknesses in the current 
CSM affected ANL’s 



Comment noted. See the response to a General Comment above. 
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analysis, as SBT notes in its 
general comments on the 
report. 



34 Section 6.2  Evaluations  
 
“…Whether the ETT is 
applicable to the FMC 
site…”: Since this is a site-
specific review as 
designated by the SOW, 
why did the Review Team 
state this point? 



The Review Team is merely restating language included in the SOW. 



35 Section 6.2.1  Ex Situ 
Excavation and Ancillary 
Technologies 
 
The Tribes disagree 
strongly with the reasoning 
(excuse) for the site being 
uncharacterized. Samples 
can be taken in a safe 
manner. The PRP has not 
allowed the Tribe to sample 
and they have not been 
forthright in trying to 
characterize the site. This 
issue arises in two different 
contexts in this section.  
First, on Pg. 119, ANL 
says, “Due to worker health 
and safety issues, site 



Comment noted. 
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investigators have strived 
to avoid collecting any 
samples that contain P4.” It 
is difficult to see how an 
investigation into 
applicable technologies for 
addressing P4 
contamination at a site 
would be viewed as 
adequate or complete when 
few or no samples of P4 at 
the site were collected.  
Second, on p. 123, ANL 
states: “Although the in-
situ ETTs are potentially 
applicable to the FMC OU, 
uncertainties pertaining to 
both the CSM and the in-
situ ETTs suggest that 
further consideration of 
these in-situ ETTs is not 
warranted because the 
subsurface remediation, no 
matter the ETT 
implemented, would be 
incomplete.”  It seems that 
if an adequate CSM were 
developed the subsurface 
remediation may not need 
to be incomplete, at least 
not in all areas. 
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36 Table 6-1   ETT Report 
Matrix 
 
11 out of 18 or almost 2/3 
of the ANL-reviewed 
technologies warrant 
further consideration for 
use in remediating the site. 
Also, some of the other 7 
ETTs may be considered if 
the testing and samples are 
collected and analyzed to 
develop a more complete 
CSM. 



Comment noted. 



37 Section 6.2.2   Ex situ 
Technologies 
 
Ex-situ incineration – FMC 
eliminated this option in the 
SFS because it involved 
waste excavation, but the 
ANL Review Team 
disagrees. The Review 
Team stated that excavation 
has been done in several 
instances at the FMC site, 
and furthermore, done 
without tents. Thus, why 
eliminate the technology 
for excavation reasons? 
The Tribes agree strongly 



Comment noted. 
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with ANL’s analysis of the 
issue and the technology, 
and note that this 
discussion is an illustration 
of how the SFS was flawed.  



38 Chapter 7 “ Primary “ 
Recommendations 
 
It is unclear why the word 
primary is used in the 
heading of this chapter. Are 
there other 
recommendations being 
made, that are not stated? 
Overall, this chapter is 
insufficient. ANL needs to 
be more critical as this 
report is supposed to be 
both a review and an 
evaluation. ANL has done a 
great job on a hard task. 
This chapter should be re-
written after the meeting 
and subject to comments 
and discussion. 



The Review Team will remove the word “Primary.” 



39 Major Point: Between 
Table 6-1 and the 
beginning of the 
Recommendations 
chapter, the Review Team 
has eliminated in situ 



There is no point in performing bench- and pilot-scale studies if the success of in situ treatment 
methods being tested cannot be measured. If the CSM could be refined to the point that an isolated 
and defined mass of P4 could be identified, it may be fruitful to perform a pilot-scale study to 
evaluate if a particular ETT can treat that isolated and defined mass of P4. Before proceeding, such a 
pilot-scale study would have to be preceded by bench-scale studies to address the uncertainties 
discussed in Section 6.2.1. Perhaps, by proceeding in such a step-wise fashion, investigators could 
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treatment without further 
pilot studies. In essence, 
this consideration has a 
basis, but there needs to 
be a caveat stating that if 
the CSM is revised and if 
the site is characterized 
more fully (especially the 
subsurface), then a re-
analysis of in situ 
technologies would be 
warranted. 
 
Use of mature technologies 
with a proven track record 
is agreeable to the Tribes. 
However, for certain parts 
of the site, some of the 
lesser-practiced and used 
technologies may be 
optimum after testing for 
remediation. 
According to the Shoshone 
Bannock Tribes’ Chairman, 
Blaine Edmo, “I am 
encouraged that this report 
does dispute the claims that 
there are no other 
technologies out there. In 
the past we were told that 
there were no other options. 



determine whether an in situ ETT has merit and, if so, scale up from the pilot scale as the 
presence/absence of P4 is defined in the remaining areas of the subsurface.  
 
 
 
 
 
 
 
 
 
 
 
It appears that there are technologies that can be used to measure and monitor phosphine gas. 
Phosphine gas measurement is particularly important when fumigating grain with some phosphide 
grain fumigants. Worker safety for fumigators requires an accurate monitoring device. Tube-type 
and direct reading electronic-type meters have been assessed in the past (with particular attention 
paid to monitoring in the IDLH concentration range; 50 ppm); see  
https://scholar.lib.vt.edu/ejournals/JPSE/v7/JPSEV7_1-9.pdf. Accuracy around dangerous 
concentration levels appears to be satisfactory. Vendors apparently manufacture equipment that can 
detect phosphine gas at concentrations well below and up to the IDLH level. For example, the RKI 
meter SP-205ASC can detect phosphine at concentrations as low as 0.3 ppm; see 
http://www.rkiinstruments.com/pages/sp205.htm. 
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I think this is encouraging, 
having at least 12 
technologies listed. We 
want to move quickly to the 
next step, to talk with EPA 
about Phase 2.” 
 
 
ANL was asked to look at 
technologies that warrant 
more considerations.  
However, the “elephant in 
the room” is the lack of 
proper environmental 
monitoring - weather, 
temperature swings, wind 
storms, the dust storms that 
shut down the highways, 
air quality monitoring, and 
the failure to have a proper 
conceptual model for the 
site. “We do not have 
enough information about 
the site. We need a table of 
studies that need to be done 
in Phase 2. We said that 
whatever is below the 
furnace it is just a guess.”  
 
Decision tree on ifs and the 
procedures is 



 
 
 
 
 
 
Draeger, Industrial Scientific, and BW Technologies also manufacture meters that can detect 
phosphine gas. So apparently, monitoring technologies exist to measure phosphine and provide for 
the management of phosphine-related risks. The Review Team will specifically note in the report 
that, in general, technologies do exist that can be used to monitor for phosphine gas. The monitoring 
technology would need to be matched with the ETT. However, implementation of any given ETT 
would require adherence to a health and safety plan (HASP). Monitoring is only one part of that 
plan. The HASP and any remedial action plans would have to address meteorological conditions and 
the potential for the off-site migration of contaminants. The Review Team focused on evaluating 
ETTs that can treat elemental phosphorus. It appears that there are technologies for monitoring and 
measuring phosphine gas should an ETT be implemented.   
 
 
 
 
 
 
 
 
 
 
Comment noted. Specificity and completeness are dependent upon what the remediation goals are 
and what ETTs are selected to achieve the remediation goals. The Review Team feels that this 
language, although it is generalized and simple, focuses on the key decisions that must be made 
before selecting remediation with an ETT. 
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oversimplified and was not 
requested in the SOW. It 
should either be removed or 
amended to include 
specificity and 
completeness.  



40 Chapter 8  Conclusions 
 
Most of the comments on 
the conclusions have been 
made elsewhere in the 
previous pages, including 
in the Executive Summary. 



Comment noted. The conclusions and executive summary are meant to be a summation of the report 
and thus include information contained throughout the report.  
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Appendix H contains Argonne National Laboratory’s (ANL’s) responses to the 
October 19, 2015, review comments received from the U.S. Environmental Protection Agency 
(EPA) on the Draft Report: Independent Review of Elemental Phosphorus Remediation at the 
Eastern Michaud Flats FMC Operable Unit near Pocatello, Idaho, September 2015. Note that 
page and line numbers referenced in this appendix refer to an earlier draft of this document. 
Italicized text indicates changes that were made in response to the comments received from the 
EPA. 
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Global 1   1. The Draft report contains several statements 
pointing out that the Conceptual Site Model (CSM) 
is not well constrained because few borings have 
been advanced in areas of subsurface elemental 
phosphorous. EPA agrees and believes that 
important contextual information should be 
included when stating that the nature/extent of 
subsurface P4 has not been well characterized. The 
health and safety concerns that have discouraged 
boring through pyrophoric P4 are genuine, and 
thus additional characterization efforts would be 
very challenging. EPA requests that ANL describe 
specific examples or approaches for how 
characterization of the subsurface elemental 
phosphorous mass could be accomplished safely. 



Argonne assumes that EPA is requesting the inclusion of 
input on site characterization in this response, rather than 
inclusion of an amendment to the independent review report. 
Since site characterization is outside the scope of this 
Statement of Work, the Review Team only provides a general 
response here. The cleanup programs implemented at sites 
with significant site worker health and safety concerns, such 
as U.S. Department of Energy (DOE) and U.S. Department of 
Defense sites, are instructive in this case. At the Aberdeen 
Proving Ground (APG), the State of Maryland and APG staff 
are challenged with investigating sites contaminated with 
elemental phosphorus, chemical warfare agents (with both a 
dermal and inhalation hazard), unexploded ordinance, volatile 
organics, biohazards, radioactive components, and inorganic 
constituents. Over the tenure of the APG Installation 
Restoration Program, investigation efforts proceeded in 
phases, with a gradual reduction in risk and hazard 
management (personnel protective equipment [PPE] levels, 
hazard monitoring, air monitoring, explosive ordinance 
avoidance, decontamination requirements, etc.) as more was 
learned about the hazards associated with site 
characterization. For example, initial characterization efforts 
involved modified Level A PPE and may have involved 
remotely operated drilling equipment (see 
http://info.ngwa.org/gwol/pdf/880156108.PDF). As more 
was learned about site hazards, PPE levels were downgraded 
from Level A to B to C, air monitoring was modified, and the 
availability and rigor of decontamination teams were relaxed, 
for example. The DOE cleanup program involved developing 
an alternative and innovative approach for sampling in the 
interest of mitigating risks to remediation workers. For 
example, cryogenic drilling may be a viable approach to use 
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to characterize P4 in the subsurface (see 
https://frtr.gov/pdf/cryogenicdrilling_2.pdf). Cryogenic 
drilling could be coupled with flooding the borehole with an 
inert gas, while exploratory borings could be staged in a 
water-filled drop tank.  
 
The Review Team will acknowledge that the risks to 
investigator workers are/were genuine, but that, apparently, 
no attempt was made to refine the CSM using other than 
routine, intrusive sampling approaches.   



Global 2   2. ANL stated plainly during their September 21, 
2015, presentation to the Tribes and EPA’s Office 
of Superfund Remediation and Technology 
Innovation (OSRTI) that it substantially relied on 
the same data as other parties (i.e., EPA, FMC, and 
their respective consultants). ANL, however, 
arrived at different conclusions regarding a key 
issue: ANL believes P4 in soil can be safely 
excavated at the FMC Operable Unit (OU). ANL 
should make sure it clearly communicates that 
conclusion in the final report. 



The Review Team will make clear that a subset of the 
P4 waste can be safely excavated. Specifically, it appears that 
P4 waste can be safely removed from the historical ponds, 
since process knowledge can be used to appraise any risk to 
site workers, and since FMC has past experience in removing 
P4 waste from both the historical ponds and the so-called 
“RCRA ponds.” In the case of subsurface P4 present, for 
example, beneath the Furnace Building and within the 
abandoned railcars, the Review Team has communicated the 
fact that additional CSM refinement would be needed to even 
evaluate excavation and treatment technology (ETTs).  
 
The Review Team will include the following language in the 
Abstract, Executive Summary, and Summary and 
Conclusions.  
 
Abstract ES-2, Line 4: … was not refined enough to allow 
the Review Team to draw conclusions about using some 
of the ETTs to treat P4 waste in those areas. The 
readiness of an ETT for implementation varies 
depending on many factors, including stakeholder input, 
permitting, and remedial action construction 
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requirements. Technologies that could be ready for use 
in the near term (within 1 year) include the following: 
mechanical excavation, containment technologies, off-
site incineration, and drying and mechanical mixing 
under a tent structure. Technologies that could be ready 
for use in the mid-term (1 to 2 years) include cutter 
suction dredging, thermal-hydraulic dredging, and 
underground pipeline cleaning technologies. 
Technologies requiring a longer lead time (2 to 5 years) 
include on-site incineration, a land disposal restriction 
waste treatment system, an Albright & Wilson batch 
mud still, post-treatment on-site disposal, and post-
treatment off-site disposal.  
 
Similar language will be added to ES-6, Line 42, and Pg. 137, 
Line 12:  
…then the Review Team concludes that several of the 
ETTs could be used in combination to treat only a 
subset of the P4 waste present at the site. Concerns 
about the health and safety of investigation site workers 
using the then-available investigation approaches 
prevented the collection of subsurface samples 
containing P4 from large areas of the site, including, for 
example, the railroad swale, the vadose zone beneath 
the Furnace Building, and the abandoned railcars. It 
appears that no attempt was made to experiment with or 
to use alternative characterization methods (such as 
modified PPE, nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, 
etc.) as part of the investigation. As a result, the CSM in 
those particular areas is not refined enough to allow a 
full evaluation of ETTs and to allow the Review Team to 
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draw conclusions about the efficacy of the ETTs 
examined. However, in other areas of the site, for 
example, the historical ponds, process knowledge 
(information about the process waste stream discharged 
to the historical ponds), and the information gathered 
during both the CERCLA investigations and the RCRA-
related investigations, provide the information needed to 
determine whether or not the ETTs considered warrant 
further consideration for P4 in those areas.  
Similar language will be added to ES-6, Line 42, and Pg. 137, 
Line 12. 



Global 3   3. The report provides a list of ETTs for P4 that 
could be applied at the site. Recognizing that no 
one technology would be sufficient to … address 
all P4 in soil, the information would be more 
usable if ANL more clearly indicated where within 
the OU specific technologies might be most 
applicable and implementable. This would focus 
any follow-on work after Phase 1 on the most 
viable technologies. Perhaps to illustrate this, ANL 
could provide one or two examples of a 
combination of technologies that would 
substantially address P4 throughout the spatial 
extent of the OU. This might take the form of a 
‘compartment’ approach where one technology 
addresses one volumetric waste area and another 
addresses a different area to best match the waste 
and site characteristics with the technology’s 
strengths, and for each combination or technology 
indicate what amount of ‘completeness’ of 
excavation and treatment would be expected.  



The Review Team was asked to identify ETTs that “warrant 
further consideration” as stated in the Work Order. As stated 
in the response to Global Comment 2 above, the Review 
Team has tried to make clear in the Final independent review 
report that for a subset of the P4 waste present at the site, a 
number of ETTs warrant further consideration.  
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Global 4   4. EPA appreciates that ANL attempted to address 
relative cost; however, ANL did not use the most 
expensive 2011 FFS alternative as its comparison 
point. Perhaps it would be more informative to use 
more FFS alternatives as cost reference points to 
provide a range for the ETTs. That would provide 
more substance on expected costs rather than 
considering every ETT being greater than 
$81 million as is currently presented by ANL.  



See the response to General Comment 8. 



Global 5   5. ANL attempts to speak to the implications of 
RCRA throughout the document, including 
Corrective Action Management Units, Bevill 
Amendment/Exemption, and Land Disposal 
Restrictions both for off-site treatment and disposal 
and on-site treatment and (treatment residuals) 
disposal. Unfortunately, ANL’s discussion on 
RCRA is generally inaccurate, and some 
references to RCRA subsections are also incorrect. 
For example, in a number of places in the 
document, it indicates that that waste residuals 
could be treated to meet RCRA LDRs or managed 
as part of an on-site CERCLA remedy or in a 
CAMU. If subject to LDR ARAR requirements, 
short of an ARAR waiver, residuals [cannot] 
simply be managed in on-site CERCLA landfill 
without also meeting LDRs or alternatively CAMU 
treatment ARAR requirements (see for example 
Post Implementation Impacts summary on Pg. 87, 
Line 14, and on Pg.. 128). Instead of ANL 
spending time making voluminous corrections on 
RCRA throughout the document, EPA 
recommends that ANL make a simple statement 



Argonne acknowledges that EPA may interpret some of the 
RCRA implications discussed in the Draft report differently 
than Argonne. Argonne agrees to placing verbiage into the 
report that addresses RCRA complexity and potentially 
different RCRA interpretations of regulatory requirements. A 
paragraph will be added at Pg. 33, Line 36, as follows: 
 
While the FMC OU is a CERCLA cleanup site, the waste that 
may be produced as a result of active remediation at the site 
is subject to RCRA regulatory requirements. Wastes exhumed 
from the site become immediately subject to RCRA’s waste 
management requirements, as do facilities that may be used 
to treat or otherwise manage these wastes, and also residuals 
remaining if and when these wastes are treated in some 
fashion. As RCRA requirements are considered during the 
CERCLA ARAR process, it is imperative that RCRA 
requirements are adequately addressed in determining 
management requirements for wastes that are exhumed from 
the site and also for waste treatment residuals. In addition, 
and as allowed by CERCLA, EPA could, with adequate 
justification, choose to waive certain requirements through 
one of the statutory ARAR waiver approaches (see 
http://www2.epa.gov/superfund/applicable-or-relevant-and-
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early in the document (perhaps in the Guiding 
Principles section) saying that RCRA LDRs and 
requirements for Treatment, Storage and Disposal 
Facilities may be pertinent to some ETTs. ANL 
could further state that they assume these 
requirements could be met, or in the case of 
activities that occur physically at the Eastern 
Michaud Flats site EPA could choose to waive 
certain requirements through one of the statutory 
ARAR waiver approaches 
(http://www2.epa.gov/superfund/applicable-or-
relevant-and-appropriate-requirements-arars).  



appropriate-requirements-arars). Most notable of the RCRA 
requirements applicable to wastes that may be exhumed from 
the site and for treatment residuals are the RCRA LDR 
requirements, which are discussed frequently in this report. 
In accordance with these requirements, wastes determined to 
be hazardous must be treated in accordance with strict 
requirements before they can be land-disposed. RCRA LDRs 
and requirements for treatment, storage, and disposal 
facilities may be pertinent to some of the ETTs discussed in 
this report, in particular, those designed to remove the RCRA 
characteristics of ignitability and reactivity from the waste 
(i.e., address the P4) and also to address heavy metals that 
may be contained in remediation waste or in treatment 
residuals. 



Global 6   6. ANL’s connection of the IRODA’s definition of 
a CERCLA Principal Threat Waste (P4 exceeding 
1,000 mg/kg) has no connection to P4’s RCRA 
characteristic hazardous waste definition. ANL 
should note that no minimum P4 level in wastes 
has been established by EPA to define whether or 
not such wastes would be considered to meet the 
RCRA reactivity characteristic criteria. However, 
the RCRA consent decree required FMC to treat 
the P4 contaminated wastes by “permanently and 
irreversibly bonding the waste into the molecular 
structure of a solid product such that the treated 
waste will not undergo changes that cause it to 
release toxic gases in concentrations greater than 
0.3 ppm phosphine or 10.0 ppm hydrogen cyanide, 
or leach heavy metals-in concentrations greater 
than applicable LDR Universal Treatment 
Standards.” ANL may find the RCRA consent 



Argonne acknowledges that to date, the EPA has not 
established a minimum P4 level in wastes to define whether 
or not such wastes would be considered to meet the RCRA 
reactivity characteristic criteria. Argonne would observe that 
this same statement applies equally to the ignitability 
characteristic, as P4 present in wastes to a significant degree 
would render that waste both ignitable and reactive per the 
RCRA definitions of these characteristics. That said, Argonne 
believes that, should P4-containing soil and debris at the 
FMC OU be actively remediated, EPA and stakeholders will 
need to come up with a de facto definition of what would be 
considered the cutoff for ignitability and reactivity, 
specifically addressing P4 content. The treatment 
requirements laid out in the RCRA consent decree alone are 
insufficient as a definitive cutoff for P4 content and the 
RCRA characteristics of ignitability and reactivity. We note 
that simply defining phosphine and hydrogen cyanide 
emissions is inadequate as a definition for reactivity. These 
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decree requirement useful in identifying potential 
treatment goals in its assessment. Regardless, EPA 
asks that ANL include projections for each ETT on 
the extent/amount of treatment or removal, either 
qualitatively or quantitatively, based on 
information available to ANL (i.e., for excavation 
beneath the furnace building what extent of 
contaminated soil would reasonably be excavated). 



emissions are a function of many different variables, 
including temperature, atmospheric pressure, and soil 
moisture content, just to name a few. More important, these 
criteria also do not address ignitability. A more 
comprehensive definition is needed, preferably one that is 
quantitative as well as readily straightforward to implement 
(a simple analytical method). A simple concentration cut-off 
of P4 within wastes that may be exhumed is most desirable. 
This is needed to define what waste exhumed from the site 
will need to be actively remediated (i.e., treated), as well as to 
determine whether the LDR “deactivation” treatment 
requirement is satisfied. 
 
Argonne will clarify within the report the connection of the 
Interim Record of Decision Amendment’s (IRODA’s) 
definition of a CERCLA Principal Threat Waste 
(P4 exceeding 1,000 mg/kg) to P4’s RCRA characteristic 
hazardous waste definition. EPA also asks, however, that 
Argonne include projections for each ETT on the 
extent/amount of treatment or removal, either qualitatively or 
quantitatively, that would be needed. Argonne finds that it is 
difficult to fulfill this request without having first defined a 
level within the waste that would cause that waste (or 
treatment residual) to meet the RCRA definitions of 
ignitability and reactivity. The changes made in the Draft 
report are to add a new paragraph at the end of 
Section 2.5.2.2, as follows: 
 
Argonne notes that EPA has not established a minimum 
P4 level in wastes to define whether or not such wastes 
would meet the RCRA ignitability or reactivity 
characteristic criteria. Argonne’s connection of the 
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IRODA’s definition of a CERCLA Principal Threat 
Waste (a P4 concentration exceeding 1,000 mg/kg) is 
made in an attempt to establish a concentration for 
P4 in waste that would define that waste as RCRA 
ignitable and RCRA reactive. This is necessary because, 
if the P4 contaminated soil and debris at the FMC OU is 
to be actively remediated, a de facto definition of what 
would be considered the cutoff for ignitability and 
reactivity specifically addressing P4 content is needed. 
In addition, the RCRA LDRs for these characteristics, 
which specify a “deactivation” treatment requirement, 
would need to be satisfied, unless, as indicated above, 
EPA elects to waive these requirements through one of 
the statutory applicable or relevant and appropriate 
requirement (ARAR) waiver approaches. 
  
The RCRA consent decree required FMC to treat the 
P4-contaminated wastes by “permanently and 
irreversibly bonding the waste into the molecular 
structure of a solid product such that the treated waste 
will not undergo changes that cause it to release toxic 
gases in concentrations greater than 0.3 ppm phosphine 
or 10.0 ppm hydrogen cyanide, or leach heavy metals in 
concentrations greater than applicable LDR Universal 
Treatment Standards.” These treatment requirements, 
as laid out in the RCRA consent decree, are insufficient 
as a definitive cutoff for P4 content and the RCRA 
characteristics of ignitability and reactivity. Simply 
defining phosphine and hydrogen cyanide emissions is 
inadequate as a measure of reactivity. These emissions 
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are a function of many different variables, including 
temperature, atmospheric pressure, and soil moisture 
content, just to name a few; more important, however, 
these properties do not address ignitability. A more 
definitive definition is needed, preferably one that is 
quantitative as well as readily straightforward to 
implement (i.e., a simple analytical method). A simple 
concentration cutoff of P4 within wastes that may be 
exhumed is most desirable. Should the FMC OU be 
actively remediated at some point in the future, 
Argonne’s connection of the IRODA’s definition of a 
CERCLA Principal Threat Waste (a P4 concentration 
exceeding 1,000 mg/kg) to the RCRA ignitability and 
reactivity characteristics may be considered an interim 
starting point in the eventual establishment of a cutoff 
for P4 content for RCRA ignitability and reactivity (EPA 
1999). 



Global 7   7. Soil and debris at the FMC OU also contain 
radionuclides and heavy metals. ANL should 
clearly indicate metals and gamma radiation co-
contaminants co-mingled with P4 would need to be 
addressed ultimately with final disposition of 
residual materials. This in particular may add 
complexity and cost for off-site treatment or 
disposal even if ETTs address P4. 



The Review Team has noted that radionuclides and metals 
present in the waste would need to be addressed for the off-
site disposal option and for the on-site incineration ETT. Not 
mentioned is the fact that naturally occurring radioactive 
material (NORM) contamination is also relevant for an off-
site incineration ETT. Section 5.3.7.2 will be modified as 
follows (Pg. 101, Line 17): Performing a waste acceptance 
survey is outside the scope of this independent review. 
As indicated in the Case by Case Extension discussed in 
Section 5.3.7.1, the presence of NORM in the waste 
stream has, in the past, precluded some off-site facilities 
from accepting P4 waste. The Review Team has not 
determined if the NORM content would be an issue for 
off-site incinerators at the present time. However, the 
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NORM content of the P4 waste may add to the 
complexity and cost for the treatment of P4 waste and 
the off-site disposal of incinerator residuals. It is 
unknown whether waste residuals generated as part of a 
historical pond remediation program might now be 
acceptable at an off-site TSD facility.  
 
The review parameter overall discussion of advantages and 
disadvantages, Table 5-18 (Pg. 103), will be modified as 
follows: After initial treatment, additional treatment 
might be required to meet WAC at off-site disposal 
facilities. Both the initial treatment facility and any final 
off-site disposal facility may have to accept waste 
containing NORM. The NORM content of the waste may 
add to the complexity and cost. 



   General Comments (Gen.)  
1 Gen.  Suggest that ANL include a specific statement that 



this report is not a Feasibility Study and is not a 
review/critique [of] the existing RI, FS and EPA’s 
selected remedy in the Interim Record of Decision 
Amendment. 



The abstract, executive summary, Section 1.1, Summary of 
Issues at the FMC Operable Unit, and Section 8, Summary 
and Conclusions already summarize the impetus, intent, and 
the general content of the independent review. 



2 Gen.  EPA did not cross reference every citation in the 
text with the references found in Section 9. EPA 
asks ANL to ensure thorough citations of factual 
information throughout the text, and inclusion of 
those sources in Section 9. Additionally, ANL can 
assist EPA, the Tribes, and others with potential 
‘next steps’ for the FMC OU by including in its 
Response to Comments document a full list of 
references it reviewed or considered in its review, 
even if those sources were not directly cited in the 
report. In addition, EPA further requests that any 



The main assumptions that ANL has made are included as the 
guiding principles. Otherwise, the authors explicitly state if 
an assumption has been made. 
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assumptions ANL makes or uses to make 
determinations in their report be identified and 
provided in the report. 



3 Gen.  EPA would benefit from ANL insights regarding 
whether the focus of the application of ETTs 
should be on the high mass areas or the whole OU. 
ANL could then identify key CSM gaps 
introducing main ETT/combined remedy 
uncertainties that could be addressed through 
further characterization and interpretation. 



The focus on the application of ETTs is a decision best left up 
to the stakeholders. The Review Team agrees that there is 
insufficient information to remediate what is referred to here 
as “the high mass areas.” The Review Team also agrees that 
there is sufficient information to remediate P4 in other areas, 
such as areas where process knowledge can be used to 
characterize P4 waste and determine site worker hazards 
indirectly. However, there is a range of opinions among the 
four members of the Review Team on remediating other 
portions of the site. One member favors a status quo 
approach, that is, implementation of the remedy in the 
IRODA. One member feels much of the P4 in the historical 
ponds and in the RCRA ponds can and should be remediated. 
One member feels that only Pond 16S, a “RCRA pond,” or 
any RCRA pond that is actively emitting phosphine or 
damaging technology control features (liners, covers, piping, 
leachate recovery, etc.), should be remediated.  



4 Gen.  Language in the Executive Summary (ES) and 
throughout the report states that P4 waste is also 
present at the former FMC plant in waste disposal 
units that were permitted to operate under RCRA. 
This is not an accurate statement. A RCRA permit 
has not been issued for the FMC waste disposal 
units. The RCRA Ponds are being managed under 
RCRA Post-Closure Plans. FMC did file 



The text will be modified throughout to indicate that the 
“RCRA ponds are being managed under RCRA post-closure 
plans.”  
 
Pg. ES-3, Line 32, will be modified as follows: … waste 
disposal units that underwent closure under the 
Resource Conservation and Recovery Act (RCRA) and 
that are now being managed under RCRA post-closure 
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notifications and Part A permit applications to 
achieve interim status authorization for several 
hazardous waste TSD units. However, FMC did 
not obtain interim status for a number of the Waste 
Ponds subject to RCRA because the Part A 
applications submitted for those ponds were not 
timely. Failure to comply with applicable RCRA 
requirements was the basis for an EPA 
enforcement action that resulted in a Consent 
Decree that was entered by the court in 1999 
requiring the waste disposal units subject to RCRA 
to close.  



plans.  
 
Pg. 14, Line 7: Section 2.3 will be modified as follows:  
… waste disposal units that are being managed under 
RCRA post-closure plans. P4 waste is also present in 
portions of the plant that were not regulated under 
RCRA… 



5 Gen.  Language in the ES and throughout report states 
that that waste units subject to RCRA underwent 
closure prior to plant shutdown in 2001. This is not 
accurate. A number of the RCRA ponds were not 
closed until well after 2001.  



The modifications suggested for Global Comment 4 above 
will address this comment.  



6 Gen.  The Draft report contains several statements 
pointing out that the CSM is not well constrained 
because few borings have been advanced in areas 
of subsurface elemental phosphorous. EPA agrees 
and believes that important contextual information 
should be included when stating that the 
nature/extent of subsurface P4 has not been well 
characterized. The report should affirm that health 
and safety concerns, which have discouraged 
boring through pyrophoric P4, are genuine, and 
thus additional characterization efforts would be 
very challenging or, alternatively, describe how 
characterization of the subsurface elemental 
phosphorous mass could be accomplished safely. 



See the Response to Global Comment 2. 
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7 Gen.  The “overall discussion of advantages and 
disadvantages” of each ETT within the assessment 
tables (e.g., Table 5-3) contains a wealth of useful 
information. Each of the advantages and 
disadvantages should be “bulleted” or otherwise 
clearly delineated to make this information easier 
for the reader to digest.  



The Review Team will modify the noted tables and use 
bullets as suggested when the information can be summarized 
in that way. 



8 Gen.  Each ETT evaluated appears to have high cost as a 
disadvantage in the assessment tables. The phrase 
consistently used is “This ETT would likely 
exceed the $81.6 million net present value cost for 
Soil Alternative 4, the most expensive soil 
alternative evaluated in the Supplemental 
Feasibility Study (MWH 2010).” This statement 
neglects to recognize Alternatives 5 through 7, 
which were developed to varying degrees during 
and following the Supplemental FS process, are 
contained in the Administrative Record, and were 
presented in the September 2010 Proposed Plan. 
Alternatives 5 through 7 all included varying 
degrees of excavation and treatment using the most 
promising excavation and treatment technology, 
caustic hydrolysis. These alternatives have an 
estimated net present value cost of $405 million to 
$950 million, based upon high, medium, and low 
volume estimate assumptions about the (largely 
uncharacterized) mass of subsurface P4. ANL may 
choose to include Soil Alternatives 4–7 as cost 
comparison points for its ETTs. 



In the description of the review and evaluation parameters 
(Table 3-1), “Limitations,” a discussion will be added to the 
table with the following explanatory note: The Work Order 
directed the Review Team to not include CERCLA’s nine 
evaluation criteria, one of which is cost, as evaluation 
parameters. However, EPA and the Tribes agreed that cost 
could be included in the content of the review and evaluation 
parameter referred to as “Limitations.”  
In the text below Table 3-1, the following is included: 
Cost as a limitation factor has been included to allow a 
rough order of magnitude (OOM) comparison with the 
ETTs evaluated. The net present value (NPV) cost of 
Alternatives 5 through 7 in the September 2010 
Proposed Plan (which included excavation and 
treatment) is an estimated $405 million to $950 million, 
based upon high and low volume estimate assumptions 
about the (largely uncharacterized) mass of subsurface 
P4 (EPA 2010). Since some ETTs also involve 
excavation followed by treatment, the NPV determined 
for Alternatives 5 through 7 provides a comparable 
OOM estimate. 
 The Review Team will remove the noted language about the 
feasibility study from all discussions of advantages and 
disadvantages in each ETT table and include this language in 
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the review and evaluation parameters under limitations for 
each ETT as follows: The NPV estimate for Alternatives 5 
through 7 in the September 2010 Proposed Plan would 
be a comparable OOM estimate to implement this ETT.  



9 Gen.  Some ETTs include recovery of marketable 
elemental phosphorous and others do not. This is 
generally described in the report and assessment 
tables. EPA suggests that an additional table 
summarizing relative P4 recovery by ETTs would 
be helpful. 



Recovery rates for P4 waste would be waste-specific and 
technology-specific. Recovery rates for P4 are unknown, so it 
would be difficult to create a table summarizing relative 
P4 recovery by an ETT. 



10 Gen.  The Draft report clearly describes the uncertainty 
surrounding the specific retention (Pg. 13, Line 21) 
of liquid elemental phosphorous, and methods 
which could be used to constrain that uncertainty. 
However, the significance of this uncertainty when 
assessing different ETTs is not entirely clear. EPA 
suggests a table be developed which identifies 
ETTs where a reduction in uncertainty about 
specific retention would make a significant 
difference when implementing the ETTs. 



A portion of the discussion of specific retention on Pg. 13 
(Lines 24 to 46) will be moved to the section on in situ 
technologies to make it clear that uncertainties surrounding 
specific retention would only be applicable for the in situ 
technologies.  



11 Gen.  ANL seems to dismiss in situ technologies in its 
evaluation because the distribution of subsurface 
P4 is largely unknown for health and safety 
reasons. The implication is that in situ technologies 
might hold promise if the distribution of 
subsurface P4 could be characterized with a higher 
degree of certainty. Per ANL Table 6-1, there are 
no known successful in-situ P4 treatment examples 
of any scale ever successfully demonstrated. If 
there were any examples, it might better support 
the need to refine the CSM. This rationale 
underscores the importance of stating clearly 



In Section 6.2.1, the Review Team points out uncertainties 
about two different things: uncertainties about the CSM and 
uncertainties about the in situ technologies themselves. The 
Review Team did not mean to imply that in situ technologies 
would automatically hold promise if the CSM uncertainties 
were eliminated. In fact, during the September 21, 2015, 
presentation of the Draft independent review report, one 
member of the Fort Hall Tribal Council indicated that a 
heated injection well located at the west end of the Furnace 
Building was used to dispose of waste P4. An online database 
of wells was searched for a possible injection well(s) at the 
west end of the Furnace Building (Idaho Department of 
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whether or not subsurface P4 waste can reasonably 
be safely characterized. 



Water Resources 2015); however, the data in this source are 
only as recent as 1992, so the possibility of an older injection 
well could not be confirmed. The potential presence of a 
P4 injection well adds to the uncertainty about the 
contaminant CSM. In addition, on pages 122 and 123, six key 
in situ technology-specific uncertainties have been 
highlighted. These uncertainties are based on the best 
information available. 
 
In response to the comment about successful in situ 
P4 treatment examples: 
 
Table 5-1: Process maturity will be modified as follows: 
Mature for remediation of some waste. The potential 
application of the technology for P4 waste is conceptual 
only.  
Table 5-3: Process maturity will be modified as follows: 
Mature for broadly defined solvent leaching. Immature 
for use of food oils. Application of the technology to 
address P4 waste is conceptual only.  
Table 5-6: Process maturity will be modified as follows: 
Mature, but the technology has never been applied to 
P4 waste.  
 
The CSM suggests that P4 beneath the former Furnace 
Building exists as almost a single large mass. That 
contaminant CSM may or may not be true. The contaminant 
CSM is a key first step in even conceptualizing, let alone 
evaluating, in situ technologies. The Review Team will 
include the following language on Pg. 122, Line 3, after “best 
guess”: 
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The inferred contaminant CSM may or may not be true. 
The P4 may also have behaved like a dense nonaqueous 
phase liquid (DNAPL) and be present as DNAPL-like 
“ganglia”; blobs; and smear zones in a more 
widespread, dispersed contaminant mass than is 
depicted. Such a dispersed contaminant distribution may 
be more amendable to treatment using in situ ETTs. 
However, since there have been only limited attempts to 
characterize subsurface P4 because of investigation 
worker health and safety concerns, it is difficult to 
identify and evaluate in situ ETTs. 



12 Gen.  A Glenn Springs (Occidental Petroleum) site is 
described and used as an example (e.g., Table 6-1) 
in more than one part of the report, but its location 
is not provided. The location of each P4 cleanup 
site described or used as comparisons should be 
included.  



Pg. 29, Line 20, will be modified to reference Ducktown, 
Tennessee. The locations of other P4 sites are included in 
this summary.  



13 Gen.  The summary and conclusions state that “The 
Tribes favor the permanent removal and/or 
treatment of contaminants.” Yet information in the 
Draft report suggests that none of the ETTs will 
permanently remove or treat all contaminants. The 
Final report should indicate whether there is the 
potential to fully remove or treat the P4 to provide 
clarity on how well a remedy could be responsive 
to what the Tribes favor.  



Because the P4 cleanup level seems to be fluid, the Review 
Team discussed several potential P4 cleanup levels and/or 
ways in which the cleanup levels might end up being derived. 
As a result, the success of a treatment can only be discussed 
in a general sense. Whether or not a given ETT can fully 
remove or treat the P4 is included in the review and 
evaluation parameters. Also discussed in the review and 
evaluation parameters and in the discussion on each ETT is 
whether other constituents of concern like metals and 
radionuclides would need to be addressed post-P4 treatment. 
In addition, as discussed in the abstract, executive summary 
and main text, the Review Team believes that ETTs in 
combination could be used to treat a subset of the P4 waste 
present at the site, but not all of the P4 waste.  
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14 Gen.  ANL stated plainly during their September 21, 
2015, presentation to the Tribes and EPA OSRTI 
that it relied on the same data as other parties 
(EPA, FMC, their respective consultants); 
however, ANL arrived at different conclusions 
regarding a key issue: can P4 in soil be safely 
excavated? ANL concluded P4 could safely be 
excavated at the FMC OU. ANL should make sure 
it clearly communicates that conclusion in the 
report. It would also be helpful if ANL gave a few 
specific examples of divergence on the excavation 
safety issue (e.g., is it practical to use temporary 
structures to contain and manage combustion 
gases?). 



In Section 4, Lines 10-13, the Review Team states, as a 
guiding principle: 



• It appears that technologies to safely excavate, size, 
create waste feed materials, and temporarily store 
P4 waste in preparation for treatment in a 
“downstream” ETT exist (hereinafter, these are 
called “ancillary technologies”). 



 
The following language will be added on Pg. 34, Line 9: In 
reference to a key issue — whether P4 can be safety 
excavated — the Review Team arrived at different 
conclusions than other parties. On the basis of a review 
of information, it appears that a subset of the P4 waste 
present at the site can be safely excavated. There 
appears to be a history of sludge removal from the 
ponds at the FMC plant. In the FMC response included 
in Appendix E of the independent design review report, 
there are several references to excavation. Appendix E 
describes both dredging and mechanical excavation 
activities involving Ponds 8s, 8e, and 9e, Pond 15s, and 
Pond 18. Furthermore, the LDR WTS was designed to 
treat sludge dredged from Pond 8s. The Pond 8s dredge 
was designed as a component of the LDR WTS. In an 
EPA-authored reference, reclamation processes 
consisting of excavating pond materials is described as 
having occurred at historical Ponds 1s, 2s, 3s, 9s, 2e, 
and 4e (EPA 2003).  
 
The excavation of P4 is also addressed at other P4 
plants. The Clarifier Treatability Study Phase 3 Report 
on the Rhodia/Solvay Site, Silver Bow, Montana (which 
was not available when the IRODA was prepared) 
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contains a description of the removal of clarifier sludge 
from the clarifier by use of a Cat 320 excavator 
(Franklin Engineering Group 2012). Also of interest is a 
description of mechanical excavation in the Phase 1 
report on the same Rhodia/Solvay clarifier. 
“Conventional earth working equipment, such as 
tracked excavators, back hoes, and clam shells, can be 
used to excavate the solidified sludge and transfer it to a 
shipping container or processing system. With careful 
operation, the phosphorus can be transferred with a 
water cover in the bucket to minimize mass burning” 
(Franklin Engineering Group 2007). 



15 ES-2 4 Timeframes are attached to “readiness” of various 
technology groups (i.e., within 1 year, 1–2 years, 
etc.). It is not clear where these numbers came 
from or what is being referred to as “readiness.” 
While the document acknowledges that 
“readiness” depends on many factors, including 
stakeholder input, permitting, and remedial 
construction requirements, it underestimates the 
administrative process and time necessary for any 
of these technologies to be “ready” to implement at 
the FMC site. Further, the CERCLA permit 
exemption would apply to CERCLA cleanup 
activities at the FMC OU and thus should not be 
included in the “readiness” calculation. In addition 
to the factors listed, the report indicates that all 
ETTs will require additional site characterization 
and engineering designs. The report should provide 
how these estimates were developed and what 
impacts the “readiness” estimates have for 
different technologies. Do some have a longer 



The Review Team agrees that the concept of “readiness” 
needs to be discussed further in the independent review 
report. The EPA notes that the independent review report 
underestimates the administrative process and time necessary 
for these technologies to be ready, while noting that the 
permit exemption would apply to CERLCA cleanup activities 
(which would speed up remedy implementation). While it is 
true that CERLCA permit exemptions apply to CERCLA 
cleanup activities, given the stakeholder involvement at the 
site, the administrative component needed to come to an 
agreement on any remedy different than the IRODA would 
likely involve a long lead time. In addition, the CERCLA 
permit exemption would not apply for ETTs with an off-site 
component.  
 
Pg. 136, Line 6, will be amended as follows: After “in 
Table 7-1”: 
 
Readiness in this case is an estimate based on best 
professional judgment. The timespans noted for 
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“readiness” time because additional research and 
development is required? Suggest putting specific 
duration estimates for major process steps to give a 
more accurate picture of the full time horizon to 
implement these various ETTs. For example: 
 



• CSM refinement – X to Y years 
• Treatability/pilot testing (if necessary) – X 



to Y years 
• CERCLA remedy evaluation and selection 



process, including public input – X to Y 
years 



• Remedial design – X to Y years 
• Contract procurement and remedial action 



work plan development – X to Y years 
• Remedial action implementation – grouped 



or listed with “X to Y years” estimates for 
each ETT 



readiness are most useful when comparing ETTs to each 
other in that some ETTs probably require more 
preparation time before implementation than others. 
The accuracy of the timespan estimate is best for the 
“near-term” readiness category. For example, the near-
term category (within 1 year) is estimated to be correct 
for technologies with real-world examples that are 
available currently. By way of example, as noted in the 
text, P4 waste from FMC and other sites has been 
mechanically excavated, containerized, and shipped off 
site for treatment in an off-site incinerator. Accuracy 
decreases for the mid-term and the long-term readiness 
category. ETTs that could be readied in the mid-term 
would require a longer preparation time because the 
ETTs (dredging or the pipe cleaning technologies) 
would likely require a water component involving 
modification and operation of the P&T system (to 
provide access to a water source) and preparing 
containment features to allow for the excavation 
footprint to be flooded. ETTs in the long-term readiness 
category are assumed to require a longer lead time to 
address design and approval requirements and waste 
acceptance criteria.  



16 ES-2 20 The interim ROD Amendment issued in 2012 was 
for the FMC Operable Unit only, not the Eastern 
Michaud Flats Superfund site. 



The Work Order to ANL included a mention of both Eastern 
Michaud Flats and the FMC OU. Any reference to the 
Eastern Michaud Flats Superfund site will be modified to 
include a mention of the FMC Operable Unit. 



17 ES-2 22 The 2010 RI/FS should be identified as the 
Supplemental RI/FS to avoid confusion with the 
RI/FS completed in 1998. 



The text will be changed as follows: Supplemental Remedial 
Investigation Feasibility Study – Supplemental RI/FS and/or 
Supplemental FS.  



18 ES-3 27 In paragraph 2, and in several other places in this 
report, the statement is made that the buried 



The Review Team did rely on Appendix B of the 
Supplemental FS. Language in Section 5.5.2.1 will be 
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railcars are suspected to contain nearly pure P4. 
This is not consistent with documentation available 
in the administrative record. All documentation 
that is available on the location and potential 
disposition of the railcar(s) is summarized in 
Appendix B of the Supplemental FS and should 
be referenced. There is no evidence in the 
administrative record as to the condition or content 
of the railcars when buried. ANL may choose to 
identify disagreements between the [administrative 
record] and other information sources on this topic; 
however, sources should be cited. In addition, this 
point was also challenged by the Tribes at the 
Tribal Business Council meeting by a tribal 
member who is a former FMC employee. 



changed as follows: 
Twenty-one railroad tank cars are present in RU 19c, which 
is about 2.7 acres in size and is located in the center of the 
slag pile (RU 19). The railcars were placed at the then-
southern edge of the slag pile in 1964 and were covered with 
native soil. The amount and purity of the P4 sludge 
present in the railcars are uncertain. As reported in 
Appendix B of the Supplemental FS, the sludge was 
nearly pure (95% P4), and the capacity of the railcars 
was 10% to 25%. Here is language from Appendix B of 
the Supplemental FS:  
 
“1.3.3 Description of P4 Sludge Generation and 
Management 
P4 was typically very pure, white phosphorus. However, 
due to a number of process variables, ore, silica and/or 
coke dust, along with other condensables would pass 
through the electrostatic precipitator in trace amounts 
and end up with the liquid P4 product. These insolubles 
would rise to the top of the liquid P4 as it was stored in 
a liquid state and eventually concentrate to form what 
was referred to as P4 sludge. The sludge typically ranged 
from 75 to 95% P4. The P4 sludge was much more 
viscous and would not easily pump from the sumps and 
tanks. Therefore, over time P4 sludge would build up 
within the storage vessels and railcars.” 
 
And as reported in Section 2.2.2 of Appendix B:  
“2.2.2 Contents of the Railcars 
As described in Section 1.0, it is expected that the 
railcars contain about 10 to 25% of their total capacity 
as P4 sludge. However, it is not known if the railcars 
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were filled with water or nitrogen prior to 
transportation to the slag pile area for burial.” 
 
Ironically, the information in Appendix B of the Supplemental 
FS conflicts with the information that summarizes the 
contents of the railcars in the main body of the same 
Supplemental FS report: The Supplemental FS reports in 
2.3.3.4 Railroad Cars in Slag Pile (RU 19c) “that the 
railcars contain an estimated 10 to 25% P4 sludge.” Also 
included in the main body of the Supplemental FS is the 
following: “Summary of Pertinent SFS Information for RU 
19c:  



• P4 concentrations of the sludge within the railcars 
range from 10 to 25%”  
 
It appears that the main text of the Supplemental FS 
transposed the percentage of capacity and the percentage of 
purity.  
 
Sludge resulted from both the manufacturing process and 
from shipping P4 in railcars…. 
 
Any reference to pure or nearly pure P4 will be changed to 
“concentrated” or “potentially highly concentrated.” 
 
Pg. 113, Line 19, will be modified as follows: The conflict 
regarding the relative purity of the P4 present in the 
railcars (25% vs 95%) is another uncertainty that could 
be resolved if the abandoned railcar CSM is refined in 
the future  
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19 ES-3 28 The document states that “elemental phosphorus in 
various forms may have affected the native soils at 
the site.” There is direct evidence that P4 has 
indeed impacted native soils. 



“May” will be changed to “has.”  



20 ES-3 34 The assumption regarding obtaining all water from 
the groundwater pump-and-treat system may not 
be accurate due to treatment volumes and water 
right issues. The extraction and treatment rate 
target will be established during Remedial Design; 
600 gpm may be a reasonable assumption. ANL 
should indicate about how much water would be 
needed for each technology. 



The amount of water required for each technology is 
unknown. The Review Team has inferred that a 600-gpm 
flow would probably be sufficient to be incorporated into a 
phased excavation approach, wherein water could be used to 
flood a portion of a historical pond footprint in order to allow 
hydraulic dredging to occur, for example.  



21 ES-3 35 The statement is made that the review team did not 
evaluate impact of the RCRA ponds on potential 
“implementability” of the ETTs. ANL should 
make sure the Phase 1 Independent Review scope, 
and the intentional ‘exclusion’ from the ANL 
Phase 1 work, is clearly communicated for the 
reader, preferably in the beginning of the 
document. 



On Pg. ES-3, Lines 35 and 36, the Review Team states that 
the independent review did not focus on the closed disposal 
sites that were regulated under RCRA. The reference to the 
ability to implement is included in the independent review 
because the Review Team did not evaluate moving, or 
shoring up, a RCRA pond in order to gain access to a 
historical pond.  



22 ES-4 28 ANL should provide and discuss their rationale for 
determining that the location, quantity, and 
concentration of P4 in the soil and fill throughout 
the OU in 2015 present the same or different 
hazards than the original manufacturing process 
where conditions were somewhat controlled. It 
may be useful if ANL reviews and refers to how 
this issue was documented in the Supplemental 
FS, particularly if ANL has arrived at different 
conclusions. 



The Review Team makes this statement because documents 
examined by the Review Team suggest that during routine 
P4 manufacturing operations activities somewhat similar to 
the tasks required for remediation workers were performed. 
Furthermore, during the presentation given by the Review 
Team to the Tribes on September 21, 3015, attendees at the 
meeting who worked at the former FMC plant indicated that 
some activities performed by plant workers would probably 
be similar to the activities required for the performance of site 
remediation. For example, surface impoundments containing 
P4 waste were periodically excavated or dredged, and railcars 
containing P4 and P4 sludge were periodically cleaned out.  
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23 ES-5 38 Based on the information presented throughout the 
report, all ETTs would present significant safety 
and cost issues. Suggest that the report describe in 
greater detail what makes these issues even more 
of a concern for in situ technologies. 



The language on Pg. ES-5, Line 38, will be altered as 
follows: The significant cost and safety issues would 
primarily be associated with the need to refine the CSM 
and to perform bench- and pilot-scale studies.  



24 ES-6 1 This last sentence seems to be in conflict with 
other statements throughout the document that 
indicate several ETTs warrant further 
consideration despite the acknowledged 
uncertainties with the CSM. 



The noted sentence is referring to the abandoned railcars.  



25 ES-6 9 It seems that all of these ETTs would need to be 
coupled with other technologies, not just 
“containment technologies.” 



Pg. ES-6, Line 7: The phrase “coupled with other 
technologies” will be removed.  



26 ES-6 35 It would be helpful if the report included more 
specific information about the potential impacts to 
community health and safety, the environment, 
schedule, and costs. 



The Review Team includes information about potential 
impacts to community health and safety and the environment 
in the discussion about each ETT in the tables documenting 
review and evaluation parameter results.  



27 1 10 The ANL report states: “Operating from 1949 until 
2001, FMC (or predecessor P4 manufacturers) 
processed about 1.4 million tons of shale ore per 
year, about 250 million lb of P4 per year, and more 
than 26,455 lb per year of ignitable and reactive 
hazardous waste (Figure 1-1). The FMC plant 
closed in 2001.” This appears to be orders of 
magnitude lower than the amount cited in some of 
the reference documents, and even ANL Table 2-1. 
Is the waste generation rate on Page 1 a typo? 
Please cite and verify the P4 waste mass generation 
figure. For example, the EPA 2003 report on 
treatment technologies indicates in Table 1-1 the 
historical ponds alone contain nearly 108,000 
cubic yards of “phossy waste” that was placed 



The values in the section came directly from the July 1, 2014, 
Work Order prepared by EPA and the Tribes (in deference to 
EPA and the Tribes). These values are somewhat similar to 
values noted in the FMC Idaho web site, which reports that in 
a typical year, with all furnaces operating, 1.75 million tons 
of raw shale/coke and silica were processed into 250 million 
pounds of elemental phosphorus (see http://fmc-
idaho.com/plant-history/). The Review Team will modify this 
discussion (retaining the 1.4 million ton reference, since this 
is the amount of shale ore processed, not shale ore/coke and 
silica) and will make clear that the product P4 was produced 
at a rate of 250 million lb/year. The Review Team will 
remove the reference to 26,455 lb/year of ignitable and 
reactive waste, as that value cannot be corroborated with a 
reference.  
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1954-1981. Using an assumed density of 1.4 tons 
per cubic yard, this would be over 11 million 
pounds of phossy waste per year. Supplemental RI 
Report (FMC 2009), Table 4-2 is another good 
resource and is more comprehensive than the EPA 
2003 report. If the waste generation per year was 
orders of magnitude more than ANL cited, it may 
be necessary to revise the ETT report to reflect 
waste volumes requiring excavation or treatment 
and the corresponding ETT assessments to reflect a 
much larger waste stream.  



 
Pg. 1, Lines 9–12, will be replaced with this language:  
 
Operating from 1949 until 2001, FMC (or predecessor 
P4 manufacturers) processed about 1.4 million tons of shale 
ore per year, produced 250 million lb of P4 per year, and 
generated about 1,360,000 tons of hazardous waste per year 
(FMC 2000) (Figure 1-1). The FMC plant closed in 2001.  



28 2 32 The technical team has experienced professionals 
with various areas of expertise, including 
hydrogeology, geochemistry, and warfare agents. 
The team would have been greatly enhanced with 
an inorganic chemist or chemical/munitions 
engineering discipline with specific experience 
with P4 who could focus strictly on the 
P4 treatment/neutralization options. If this 
expertise was missing from ANL’s team, it would 
be useful if ANL indicated whether bringing this 
expertise forward for potential follow-on activities 
would be appropriate. 



The Review Team includes a PhD geochemist: Dr. Jim 
Jerden. In addition, as it happens, the Review Team includes 
Todd Kimmell, Senior Scientist, Argonne. Mr. Kimmell has 
participated in a number of National Research Council 
committees (as both a participant and as a chairman) involved 
in chemical weapons demilitarization. Mr. Kimmell worked 
on a remedial investigation/feasibility study of a P4 disposal 
site. The Work Order specifies that there is no commitment 
by stakeholders for the involvement of ANL in follow-on 
activities.  



29 9 21 “Since P4 oxidizes almost instantaneously upon 
exposure to air (except at low temperatures), red 
phosphorus and, in some cases, compounds 
containing phosphorus are also present.” This 
sentence does not  make sense. Suggest revising to 
clarify the point.  



The language in Lines 20–23 will be changed to: The P4 
that is present in the soil at the site could be 
encountered at various concentrations, ranging from 
just above the analytical detection limit to its nearly 
pure state. Since P4 oxidizes almost instantaneously 
upon exposure to air (except at low temperatures), 
oxidation by-products, such as red phosphorus and, in 
some cases, phosphate minerals, are probably also 
present.  
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30 9 26 Location of the buried railcars is RU-19c not 22c. 
Also, the content of the railcars and how they came 
to be located in the slag pile should be based on 
cited references. ANL may also choose to qualify 
this information, as there may be a different 
understanding among EPA, the Tribes, and FMC 
regarding the history and nature of the railcar 
waste. 



The RU designation and the information source will be 
changed/added for RU 22c as follows: The buried railcars 
in RU 19c are reported to contain P4 sludge with 
concentrations ranging from 75% to 95%, as reported 
in Appendix B of the Supplemental FS, or P4 sludge 
concentrations ranging from 10% to 25%, as reported 
in the main text of the Supplemental FS (MWH 2010).  



31 10 1 Table 2-1: Please provide a source for all 
information (mass, concentration, depth) in this 
table.  



The source for Table 2-1 is the following: MWH 2010, 
Supplemental Feasibility Study Report for the FMC 
Plant Operable Unit, Vol. 1, Report, for FMC Idaho LLC, 
Pocatello, Id., July (see 
http://www.epa.gov/region10/pdf/sites/ 
emichaud/fmc_sfs_report_july2010.pdf).  
 
Pg. 10, Table 2-1, will be modified as follows to provide the 
table source: Supplemental FS MWH 2010.  
 
A row will be modified in the table to indicate that the railcar 
RU is 19c, the acreage is 2.7 acres, and footnote b will be 
modified to indicate the following: Appendix B of the 
Supplemental FS reports a percent concentration ranging 
from 75% to 95%.  



32 10 2 Include subtotal of area and volume for groupings 
of similar wastes, then a grand total. That will help 
the reader see the quantity of waste against which 
ETTs are compared. FFS (2010) Pg. 6-7 says 
780,122 cy, with 5,050–16,380 tons of P4. 
 



Pg. 9, Line 39, will be amended as follows: The distribution 
of the P4 waste present at the site is roughly as follows: 
About 10,870 tons of P4 waste with P4 concentrations 
ranging from 0.25% to 20% are present in about 
482,224 yd3 of fill. The more concentrated P4 waste 
present in the capillary fringe, the railcars, and 
underground piping contains about 7,500 tons of P4 
waste with P4 concentrations greater than or equal to 
20% present in 2,800,000 yd3 of fill. A figure depicting 
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this breakdown will be added to the text as well. Figure 2-2 
depicts the mass of P4 present in the historical ponds 
and railroad swale in relation to the mass of P4 present 
in the railcars, piping, and capillary fringe. Existing 
figures will be renumbered accordingly.  



33 13 5 It would be useful to have a better word describing 
the magnitude of the temperature than “much 
warmer.” 



Text on Pg. 13, Lines 4 and 5, will be modified as follows: 
Since molten slag was periodically tapped from the 
electric arc furnaces and drained to a slag pit, any P4 
that escaped from the Furnace Building was probably 
warmer than the melting point of P4 (FMC 2009) 



34 13 8 Do we have a model estimate from previous 
reports? 



The text in Pg. 13, Line 8, will be modified as follows after 
capillary fringe: The 44°C isotherm was modeled by 
investigators (FMC 2009). Presumably, the depiction of 
P4 subsurface presence and migration in Figure 2-4 is 
based on that model.  



35 14 1 The first two sentences are confusing and 
misleading. The Bevill amendment/exemption 
from RCRA regulation process wastes from the 
beneficiation of minerals and ores. The Bevill 
exemption for waste generated during the 
production of P4, except furnace off gas solids, 
ended on March 1, 1990. The exemption for 
furnace off gas solids ended on July 23, 1990. 
Upon the lifting of the Bevill exemption, 
beneficiation wastes that were hazardous waste 
were subject to RCRA regulation. Exempt wastes 
disposed of prior to the lifting of the Bevill 
exemption would not be subject to RCRA 
(provided not subsequently managed in a way that 
triggers RCRA) but can be and are being addressed 
under CERCLA. Again, no permit was issued for 
FMC waste disposal units. Failure to comply with 



Argonne agrees that the first two sentences of this paragraph 
may be misleading in light of the Bevill amendment and 
exemptions. This section has been rewritten to report that 
portions of the site are regulated under RCRA post-closure 
plans, and portions of the site are regulated CERLCA, as 
amended. A footnote is added at the end of the second 
sentence as follows: 
 
The former FMC plant is regulated under both RCRA, 
as amended, and CERCLA, as amended. P4 waste is 
present at the former FMC plant in waste disposal units 
that are being managed under RCRA post-closure plans. 
P4 waste is also present in portions of the plant that 
were not regulated under RCRA (hereinafter called non-
RCRA areas) but that are regulated under CERCLA, as 
amended. This independent review did not focus on the 
closed disposal sites that are regulated under RCRA 
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applicable RCRA requirements was the basis for 
EPA enforcement action that resulted in a Consent 
Decree that was entered by the court in 1999 
requiring the waste disposal units subject to RCRA 
to close. 



post-closure plans. In some cases, the closed RCRA 
units are on top of or adjacent to the non-RCRA areas 
(Figure 2-5). The Review Team did not evaluate whether 
or not the proximity of the non-RCRA areas to the 
closed disposal sites regulated under RCRA would affect 
the ability to implement the ex situ ETTs discussed in 
this independent review. 
 
RCRA regulation of process wastes from the 
beneficiation of minerals and ores is affected by the 
Bevill amendments and exemptions. The Bevill 
exemption for waste generated during the production of 
P4, except furnace off-gas solids, ended on March 1, 
1990. The exemption for furnace off-gas solids ended on 
July 23, 1990. Upon the lifting of the Bevill exemption, 
beneficiation wastes that were hazardous waste were 
subject to RCRA regulation. Exempt wastes disposed of 
prior to the lifting of the Bevill exemption would not be 
subject to RCRA (provided they are not subsequently 
managed in a way that triggers RCRA) but can be and 
are being addressed under CERCLA. (See 
http://www3.epa.gov/epawaste/nonhaz/industrial/special/h
ttp://www3.epa.gov/epawaste/nonhaz/industrial/special/ 
for details.) 



36 14 17 In the IRODA subsection, or in a new Section 2 
subsection, [summarize] what technologies were 
previously screened by EPA per the documents 
ANL reviewed. This will help contextualize the 
new work performed by ANL. 



Argonne agrees that it would be good to identify other 
alternatives considered. However, this will add text to the 
report without changing conclusions or recommendations. A 
sentence is added before the last sentence of this paragraph, 
on Line 28, as follows: Pg. 16, Line 10 
 
Additional alternatives previously screened and 
considered by EPA may be reviewed by examining the 





http://www3.epa.gov/epawaste/nonhaz/industrial/special/
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IRODA (IRODA; EPA Region 10 2012a). 
37 21 22 Add radionuclides. Language will be added to reflect the fact that radionuclides 



are present, but are not regulated under RCRA: …to address 
heavy metals and radionuclides (although radionuclides 
are not regulated under RCRA). 



38 21 42 The statement that FMC site is a CERCLA site, not 
a RCRA site, is incorrect. It is also a RCRA site. 
The RCRA ponds are subject to RCRA 
requirements. The CERCLA FMC OU does not 
include the RCRA ponds. 



The language in Line 42 will be changed as follows:  
 
The FMC site is regulated under both RCRA and 
CERCLA. The CERCLA FMC OU does not include the 
portion of the site regulated by RCRA post closure 
plans, the so-called “RCRA ponds.” However, the 
CAMU-option may be brought in to the CERCLA action 
through ARARs. Management of remediation waste…. 



39 22 19 Regional screening levels are not cleanup levels. 
At times for site-specific reasons they may be used 
as the basis for cleanup levels, but they are not in 
and of themselves cleanup levels. If no regulatory 
level exists, a site-specific risk assessment would 
need to be conducted to develop risk-based 
cleanup levels for various exposure scenarios. 



The language in Line 18 will be modified as follows: EPA 
Regions 3 and 9 have established regional screening 
levels that can serve as the basis for the development of 
cleanup levels.  



40 22 31 Statement that that RSLs are below presumed 
RCRA characteristic cutoff needs to be revised. 
See comments above on presumed cutoff level. 



The language will be modified as follows: As can be seen, 
these human-health-based RSL levels for P4 are 
probably lower than the levels below which the waste 
would be considered to meet a RCRA ignitability or 
reactivity characteristic.  
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41 22 42 The statement that RSL could be considered an 
ARAR is not accurate, as RSLs are not standards, 
requirements, criteria, or limitations under federal 
or state environmental law. Therefore, they are not 
ARARs. 



The language will be modified as follows: Nevertheless, the 
RSL would be a “To Be Considered” but not an ARAR 
under CERCLA, since RSLs are not standards, 
requirements, criteria, or limitations under federal or 
state environmental law.  



42 24 44 The document states that health and safety 
concerns would be no greater than those during 
original industrial process. ANL should indicate 
that they have taken into account the unknown 
location and concentrations of P4 in the 
environment. A basis or rationale for this 
assumption or statement should be provided. 



Pg. 44, Lines 41 and 42 will be modified as follows: in 
Remedial Action (RA) units where hazards are 
understood (for example, RA units such as the historical 
ponds where process knowledge can be used to establish 
site worker risks), concerns for worker exposure during 
active remediation efforts would be no greater than 
those for exposure during the original industrial 
processes for producing, packaging, transporting P4 
and for managing soil and debris created as a result. 
For those RA units where process knowledge is absent 
and where the CSM is not refined, there would be 
greater site worker risks. Nevertheless appropriate…. 
 
Pg. 44, Line 46, after “OSHA”: Where site worker risks 
are not well understood (for example, if subsurface 
samples potentially containing P4 are collected during 
any future CSM refinement activities), unknown hazards 
would need to be addressed accordingly with 
conservatively safe PPE, monitoring, and sampling 
approaches to comply with OSHA.  



43 27 23 This line appears to contain an extra word 
(“sources”). 



The second instance of “sources” will be removed.  



44 28 17 The FMC facility closed in 2001, not 2011.  2011 will be changed to 2001.  
45 28 35 Tribal government should be added.  The Tribal Government will be added. 
46 28 46 The planned capping and gamma cover remedies 



are not ETTs, so unless capping/containment was 
contemplated by ANL for off-site disposal, it 



Comment noted. 
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would appear out of scope to evaluate cap and 
cover. 



47 29 20 Should this be Occidental Petroleum/Glenn 
Springs, Ducktown, TN? 



The bullet on Pg. 29, Line 20 is revised to read as follows: 
Occidental Petroleum, Glenn Springs, Ducktown, 
Tennessee. 



48 33 8 Suggest that ANL incorporate discussion of the 
three key guiding principles (enough water, can 
safely excavate/handle P4, worker safety issues 
with ETT are comparable with FMC facility 
operations safety issues) explicitly with each 
technology.  



The Review Team makes references to the elements that 
make up the guiding principles, at least implicitly, in the 
discussion and review and evaluation table content for each 
ETT.  



49 33 22 The design extraction rate for the P&T has not 
been finalized but is estimated to be around 
600 gpm. Are there any ETT scenarios where this 
flow rate would be insufficient? 
 



Pg. 33, Line 25. A footnote will be added to indicate the 
following: Water use would mainly be required to 
manage the risks associated with excavation (whether 
by mechanical or by hydraulic means). As a result, the 
removal of P4 waste and processing by ancillary 
technologies could proceed in phases dictated by water 
requirements (should water requirements be a limiting 
factor).  



50 35 16 Statement is made that soil and debris could be 
“triaged,” and some P4 waste would not require 
treatment. How would this determination be made? 
And provide a rationale for this statement. 



The Review Team will modify language in this section as 
follows: Line 8: ETTs can be “triaged” or categorized in 
that…. 
 
The following will be inserted at Line 17: Waste P4 that 
would not require treatment is waste that meets agreed-
upon treatment requirements established for the second 
fraction. Some waste present at the site would 
presumably already meet such treatment requirements.  



51 35 Gen. For all technologies: ANL should address 
throughput rates vs. assumed waste quantities and 
connect the dots to cleanup durations. Many of the 
identified ETTs seem to have low production rates, 



Argonne agrees that throughput rates are an important 
consideration in determining which ETTs should be 
considered further. An equally important consideration is the 
mass, volume, and concentration of P4 wastes to be treated. 
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which could lead to long remediation timeframes. Some of the ETTs can be scaled-up as needed. For example, 
the A&W mud still design could be scaled up, or multiple 
units could be constructed to obtain a sufficient production 
rate for treatment. Where information is available, the 
Review Team reports throughput. For example, the volume of 
dredged materials treated by a transportable mobile rotary 
kiln used at the Bayou Bonfouca Superfund Site is included 
in the text to provide some understanding of the waste 
treatment capacity of such systems.  



52 36 1 On-site disposal in a CAMU or CERCLA unit is 
not, by definition, an ETT. If on-site land disposal 
of excavated P4 waste could be possibly coupled 
with ETTs, ANL should discuss land disposal in 
that manner to differentiate ETTs from landfilling. 



Pg. 36, Line 1, will be modified as follows: Disposal 
technologies (considered for P4 waste that has already 
been treated)…. 



53 36 38 In situ thermal remediation vendors use diagonal 
and horizontal drilling and trenching approaches to 
install heating units (electrodes, steam injection 
pipes, etc.) in other-than-vertical configurations. 
Suggest perusing web sites for several additional 
vendors in addition to Tersus and TerraTherm: 
TRS (http://www.thermalrs.com/), Geo 
(http://www.georemco.com/insitu.php), and 
McMillan-McGee (http://www.mcmillan-
mcgee.com/mcmillan-mcgee/index.php). 



The first link did not work. Information in the second link 
(i.e., http://www.georemco.com/insitu.php) seemed to focus 
on vertical wells only. The third link provides some 
information about horizontal wells.  



54 37 8 Would steam also involve a potential flux of 
oxygenated air into the reaction zone? Heat + 
oxygen + P4? 



Not necessarily, in that the gas delivered to the reaction zone 
in this scenario would likely be steam mixed with an inert 
gas, such as Ar or N2.  



55 37 11 What is the estimated extraction efficiency? Extraction efficiency is unknown, which is why, as stated in 
the report, a pilot-scale study is needed.  
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56 37 30 ANL mentioned during the September 21, 2015, 
presentation that additional characterization using 
geophysical methods could help fill data gaps and 
enable an updated CSM. It would be helpful if 
ANL would provide more details on specific 
geophysical survey approaches/methods/tools to 
address data gaps and determine extent of 
contamination. 



We do not have a geophysicist on the Review Team. 
Presumably, EPA and the Tribes have probably consulted 
with a geophysicist in the past about CSM refinement. Since 
all structures have been demolished, there may now be an 
opportunity to perform geophysics at the site as part of a 
CSM refinement effort. One technique to consider is 
resistivity or high-resolution resistivity (HRR). HRR can be 
used to delineate regions of the vadose zone with anomalous 
electrical conductivity. However, these methods work best 
when the results can be validated with borings and sample 
results in proximity to where the geophysical investigation 
has occurred.  



57 37 31 The fact that there has not yet been a laboratory 
study, or a field application, to assess whether 
applying heat to a formation containing P4 would 
promote effective downward draining of P4, seems 
like a significant concern potentially leading to 
screening out this technology from further 
consideration. Would molten P4, with a specific 
gravity of 1.8, behave as a DNAPL and flow with 
gravity and soil porosity vs. hydraulic gradient? 
The report should articulate why this approach is 
still considered viable. 



All of the in situ technologies examined have been screened 
out. The Review Team has posed a DNAPL-like contaminant 
CSM in a comment above.  



58 38 9 A statement is made that estimating the amount 
[of P4] remaining would be difficult to 
characterize safely because in past site 
characterizations, a “precedence to avoid drilling 
into P4 was set.” Please clarify what is meant by a 
“precedence to avoid drilling into P4.” Does ANL 
mean this was an administrative decision or a 
health and safety decision and provide the basis for 
this determination? ANL has indicated it arrived at 



This statement is actually made on Pg. 11, Line 10. The 
Review Team examined archival information to draw 
conclusions. Since EPA staff were present throughout the 
CERCLA and RCRA closure/post-closure activities, EPA is 
in the best position to know whether the precedent was an 
administrative decision or a health and safety decision. The 
information reviewed suggests that investigators avoided 
drilling into any area where P4 could be present due to health 
and safety considerations. As noted in a global response 
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different conclusions regarding the ability to safely 
characterize, excavate, and treat P4 wastes than 
other entities. It would be helpful if ANL provided 
information on how the data gaps could be safely 
filled given known hazards associated with drilling 
into P4 waste. 



above, the Review Team will acknowledge that there would 
be investigation worker health risks if conventional 
investigation techniques were used. The Review Team will 
also note that alternative investigation methods (remote 
drilling, drilling with cryogenic fluids, augmented health and 
safety protocols, and geophysics) were not attempted, and 
that these alternative methods could have been implemented 
with manageable site worker risks. The text on Pg. 11, 
Line 12 will be modified as follows: Using conventional 
investigation techniques and routine health and safety 
protocols, there are obvious… 



59 39 1 Table 5-1: A statement is made that the “formation 
would wipe them clean.” Please explain what this 
means. 



Text in Table 5-1 and Table 5-3 will be changed to: It is 
expected that if direct push methods were used, there 
would be only a minimal amount of P4 on withdrawn 
drill rod or casing, since they would be rubbed clean on 
clean, shallow soils. With regard to extracted P4, 
significant safety and management issues would need to 
be addressed. 



60 40 1 Cite data sources regarding P4 solubility in food 
oils. 



A citation will be added: (Marck Index, 2001) Merck 
Index, 2001, Thirteenth Ed., Merck & Co., Inc., 
Whitehouse Station, New Jersey. 



61 41 5 Solvent extraction relies on surface chemistry and 
surface contact, and the waxy P4 solids likely have 
a low to moderate surface area to mass, meaning it 
will take longer and a lot of solvent to dissolve and 
recover the P4. This is a very common issue with 
solvent extraction remedial technologies. It could 
be more effective if performed above the 
P4 melting point, as that would increase its surface 
area and the resulting rate of dissolution into the 
solvent. That would also add cost per the thermal 
treatment discussed above, but perhaps a combined 



These are appropriate points that are reflective of the 
uncertainties about the P4 present in the subsurface (at 
locations away from the historical ponds). The P4 could be 
present as a single mass of material directly beneath the 
furnace, for example, or be dispersed throughout the vadose 
zone in a contaminant distribution somewhat similar to a 
DNAPL with ganglia, smear zones, stringers, etc. A 
combined approach of heating and treating may optimize 
performance, especially for the DNAPL-like contaminant 
CSM, but optimally one would need to know more about the 
CSM to combine technologies. 
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approach would optimize the performance. 
62 41 33 Given that soil auger/oxidant injection equipment 



can go upward to 50 ft, if one can excavate to 35 ft 
below ground surface (safe excavation of soil with 
P4, as well as if the soil formation and storage 
capacity can support such excavation), this may be 
an alternative to well injection for oxidant delivery. 
Recovery/extraction wells may still be needed to 
ensure waste doesn’t migrate. 



Agreed. Excavation to 35 ft would be an ex situ method, 
which the Review Team has included as an ETT. Treatment 
of P4 with auger/oxidant equipment post-excavation would 
be an in situ method with the same uncertainties already 
noted for in situ ETTs.  



63 41 40 What would the return on investment (ROI) be for 
a thermal remedy where P4 was heated just at or 
about 45°C? Would it have to be significantly 
warmer to be effective, and would the incremental 
cost and energy to make it warmer be well worth it 
for performance? 



The ROI is unknown to the Review Team. 



64 43 1 The IAEA figure indicates the hot water 
flooding/extraction injection and extraction wells 
have 100 ft? How does this compare with the 
pump and treat system installed under the IRODA? 
Would there potentially need to be a closer 
spacing/greater density to ensure hydrogeologic 
control? 



As noted on Pg. 41, Line 44, the IAEA figure is conceptual 
and is not meant to imply an actual design. The design of the 
IRODA pump and treat system would be useful information 
for designing an in situ system. The density of any 
injection/extraction system would be dictated by the 
contaminant distribution as well.  



65 45 3 It is unclear if ANL evaluated ETTs for areas of 
known high P4 contamination (ponds and furnace 
area) or for the whole OU. It would be helpful if 
ANL clarified what/where they focused their 
evaluations for the specific P4 in place.  



Pg. 45, Line 40. The text indicates that the in situ method is 
most appropriate for deep subsurface white phosphorus 
contaminated zones that are not amenable to excavation.  



66 45 25 Would it be possible to utilize a slow(er) release 
oxidant? 



That could be evaluated via bench- or pilot-scale testing. It 
may be found that a slow-release oxidant, such as potassium 
permanganate in paraffin, would be preferred over a more 
rapid-release reactant.  
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67 47 1 Table 5-5: Impacts to environment during 
implementation. Would this call for SVE as a 
safety feature, in the same way ozonating the 
vadose zone might? 



The Review Team suggests enclosing the injection/extraction 
well site and off-gas treatment on Pg. 47.  



68 48 6 “Success” needs to be defined for the purpose of 
the Phase 1 Independent Review. From ANL’s 
perspective, does success mean complete removal 
of all P4 such that a cap and institutional controls 
will no longer be required? Recommend clearly 
describing the “end state” of the FMC OU 
following application of each ETT.  



Argonne agrees that it would be a good idea to describe the 
end state, but for active remediation in general, not for each 
ETT. The following sentence is inserted on Pg. 25 in a new 
paragraph on Line 33: 
 
The end state of the application of a suite of ETTs for 
active remediation of the FMC OU would be that all 
contaminated media no longer exhibit the RCRA 
characteristics of ignitability and reactivity, that P4 is 
removed to acceptable cleanup levels, and that RCRA 
LDRs are satisfied for heavy metals and other 
constituents, as appropriate. There are two possible 
exceptions to this suggested end state. First, and as 
allowed by CERCLA, EPA could, with adequate 
justification, choose to waive certain requirements 
through one of the statutory ARAR waiver approaches 
(http://www2.epa.gov/superfund/applicable-or-relevant-
and-appropriate-requirements-arars). This may be 
especially applicable to RCRA LDRs. Second, and as 
stated previously, the CSM would have to be improved 
to permit adequate understanding of heavy deposits of 
P4, such as that underlying the Furnace Building and 
that contained within the buried railcars. 
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69 49 12 Some remediation construction companies have 
successfully trenched to nearly 100 feet bgs at 
some sites as part of installation of a slurry wall as 
a vertical engineered barrier. Additionally, in situ 
solidification/stabilization implementors 
successfully use auger/mixer equipment to 
implement ISS to 50 ft bgs. Maximum depth at the 
FMC OU would need to be determined based on 
soil stratigraphy and contaminant characteristics, 
and potentially other design parameters. Please 
include that the depth of contamination would need 
to be confirmed. 



Comment noted. The discussion on the ETT indicates the 
importance of determining the extent of contamination in the 
subsurface. The Review Team identified issues with ISS 
placement at another elemental phosphorus manufacturing 
site, Tarpon Springs, Florida, where chemical reactions 
between the solidification/stabilization material and P4 
caused a fire in the test area and where debris present in the 
test area caused difficulties with the in situ technique (see 
Appendix F, Supplemental FS).  



70 49 40 “Cost-prohibitive” needs to be defined. What 
makes something cost-prohibitive? Recall that for 
the Phase 1 Independent Review, EPA and the 
Tribes did not want ANL to rule out potential 
ETTs solely on cost; thus, the concept of “cost-
prohibitive” is not appropriate for this report. 



Cost is referred to here in a general sense. See the response to 
General Comment 8 above regarding the use of cost in the 
evaluation of technologies.  



71 51 1 Table 5-6: This is the first time that contract 
acquisition is mentioned with respect to “time to 
implement,” but it would be a factor for all ETTs. 



Argonne agrees with EPA on this comment. This is the only 
line in the entire report that refers to contract acquisition. The 
sentence in Table 5-6 is revised as follows: Identifying a 
containment approach could take up to 1 year. 



72 54 1 How would you keep the vadose zone wet on a 
large scale? Would you look at 
compartmentalizing the site on a footprint and 
depth basis to minimize the scale of what has to be 
kept wet at any one time? Please provide more 
detail. 



The reference relates to wetting P4 waste once it is brought to 
the surface during excavation and not wetting the entire 
vadose zone.  



73 58 37 Typo: The vs. he. The text will be changed. 
74 70 8 Use of food oils may add substantial BTUs to 



partially dewatered sediments. 
Comment noted. 
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75 71 10 Table 5-10 estimates almost 18,000 tons of P4, so 
this technology with this throughput at 90% uptime 
would take 9.5 years to incinerate/de-characterize 
the P4 if the mass/volume is similar to Army 
waste.  



The incinerator at the Crane Army Ammunition Plant was 
cited as an example of incineration technology. The P4 waste 
that would be excavated at the FMC site would not be similar 
to the waste treated at the Crane incineration facility. Some 
mobile incinerators have a much greater capacity (up to 
10 tons/hr); see http://www.environmental-
expert.com/services/thermal-treatment-of-hazardous-
waste-mobile-incinerators-199705. 



76 82 43 This kind of caveat would lead one to serious 
concerns about scale-up and efficient operation of 
this unit, or is this typical O&M for an operational 
still/furnace? 



Table 5-13 states that low throughput is a limitation.  



77 83 7 Figure 5-13: Appears to be missing some pipes. Comment noted. 
78 84 28 This is a very small batch throughput. Can ANL 



speak to scalability? 3 cubic feet seems like a 
bench scale. 



The Review Team discussed scalability with investigators 
that performed the treatability study. A version of the 
technology, obviously scaled up significantly, is under 
consideration for treating P4 waste in the clarifier at the 
Silver Bow, Montana, site. 



79 87 Table 
5-13 



Regarding “Disadvantages” bullet 2: tell us more. 
How many units and how much bigger? Expected 
full scale throughout would be _X_? 



Limitations on throughput are discussed throughout 
Section 5.3.3. 



80 88 38 There is a statement that the LDR WTS was 
designed and built specifically to treat P4-
containing solids and sediments present in the 
historical ponds. The LDR WTS was only required 
to treat waste from Pond 18, and possibly Pond 17, 
but no other historical ponds.  



The Review Team has noted that the treatment of residuals 
from Pond 18 seems to be directly applicable to the treatment 
of the waste present in the non-RCRA historical ponds.  



81 90 1 Table 5-14: Repeat parenthetical description of 
LDR description in title as done in text: “(anoxic 
caustic hydrolysis, metals precipitation, filtration, 
stabilization).” 



The noted change will be made in the title of Table 5-14.  
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82 92 9 This is a relative comparison of two ETTs, which 
is not consistent with the Work Order from EPA 
OSWER to ANL. 



Comment noted. The comparison occurred as part of the 
FMC investigation into treatment technologies. The results of 
the comparison speak directly to the overall likelihood of 
success at FMC. 



83 94 2 Suggest revising the order in the table, perhaps 
from most to least soluble. 



Comment noted. The table will not be reorganized. 



84 94 2 Table 5-16: Isn’t ethanol flammable? Table 5-16 will be modified to indicate that ethanol is 
flammable.  



85 97 18 Technology review, not design. Line 18 will be changed to indicate the following: 
acceptance survey is outside the scope of this 
independent review.  



86 103 1 500,000–750,000 CY may not overwhelm a 
permitted RCRA C facility. Did ANL contact the 
three closest ones to reality check throughput 
limitations as well as waste acceptance criteria 
(Laidlaw - Utah, ChemWasteMgmt - Oregon, 
U.S. Ecology - Idaho)? Provide a rationale for this 
statement. 



Argonne agrees that 500,000–750,000 may not overwhelm a 
permitted RCRA facility. And no, Argonne did not contact 
any RCRA TSDFs to determine possible acceptance of a 
large volume of waste.  



87 105 35 Note that the SFS includes a Section 7 figure 
(Figure 7-2). For what was the IRODA selected 
remedy that indicates pipes suspected (based on 
process knowledge) to contain P4 that would be 
cleaned. 



Comment noted. The figure used also depicts the RUs where 
pipelines are suspected to be present.  



88 115 15 “Guzzler” could use a reference. Guzzler™ was referenced in a previous section of the report.  
89 122 4 Excavation technologies also have a similar 



limitation regarding insufficient characterization 
(i.e., one cannot just start digging up a site without 
a level of confidence in knowing the state and 
location of contamination). Ex situ treatment 
technologies may share in this limitation, noting 
that incineration may have a greater degree of 
flexibility for successfully processing P4-related 



This section is discussing in situ treatment technologies that 
could potentially target areas not accessible with excavation 
technologies. As it happens, P4 present in the deep 
subsurface is not characterized at all. In contrast, much more 
is known about the contents of the historical ponds that could 
be targeted with excavation technologies. This is due to 
process knowledge and the fact that some samples have been 
collected from the historical ponds (EPA 2003). 
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wastes. 
90 123 17 It should be recognized that P4 also exists 



throughout the OU, as evidenced by the recent 
grading activities. 



Pg. 123, Line 18, will be amended as follows after “FMC 
Plant”:  As noted during the grading operations 
performed in 2015, P4 exists throughout the materials in 
the near surface.  



91 124 10 Note that the dry excavation experience as 
quantified in Appendix C is specifically related to 
P4 found in the regrading and consolidation of site 
slag related to implementation of ET cover and soil 
cover systems for the IRODA. The total quantity of 
P4/slag waste excavated was less than 1,000 cubic 
yards out of over 2 million cubic yards relocated. It 
may be useful for ANL to indicate what aspects of 
the P4/slag experience would be relevant to ETT 
implementation more broadly in the FMC OU. 



Pg. 124, Line 13: The following language will be inserted: In 
the event slag needs to be moved to gain access to a 
P4 excavation area, experience gained when moving 
slag as part of the regrading project may be useful. 



92 124 12 From a health and safety and environmental 
protection standpoint, it may not be an acceptable 
practice to simply uncover P4 and allow it to burn 
until the smoke is no longer visible. During the 
grading operations, P4 encountered was 
immediately quenched with sand. Reference to this 
as an acceptable excavation technique should be 
removed. It would be helpful if ANL identified 
limitations and complications if P4 in soil were to 
be open burned (i.e., what would be the 
combustion gas rate of generation, anticipated 
concentrations compared with worker safety and 
for off-site fugitive emissions the acute and 
chronic exposure levels and restrictions). What 
would be the impact area and potential evacuation 
zone needed? 



The noted language will be changed as follows: When P4 
was uncovered, it was immediately quenched with sand.  
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93 124 32 Would you expect the site to drain rapidly given 
the site geology, particularly in the vadose zone? If 
yes, how would that affect the water usage rate to 
keep P4 submerged during ETT activities? 



It is known that the historical ponds were used to retain waste 
submerged in water in the past. As a result, for the historical 
ponds, it seems reasonable to expect that waste in an 
excavation footprint could be kept submerged.  



94 124 39 Are the three identified excavation methods 
applicable to specific spatial and depth locations in 
the FMC OU? For example, which ones would be 
applicable to presumed shallow depths for waste in 
the CERCLA ponds? What about deeper “candles” 
of P4 beneath the process facility? What about P4 
within the capillary fringe or upper saturated zone, 
around 85 ft bgs? 



The requested information is provided in Table 5-10.  



95 125 40 It would help if ANL can speak to excavation, 
transport respecting off-site management, and 
incinerator throughput. It would also be useful if 
ANL can provide more specificity on past FMC 
industrial safety practices with P4 that would be 
applicable to excavation during remediation. 



Section 5.3.1.2 includes a discussion on the volumes of 
sediments treated by incineration at the Bayou Bonfouca 
Superfund Site. Pg. 70, Line 33, will be amended as follows: 
…in a rotary kiln incinerator treated at a rate of 
approximately 25 tons/hr (EPA 2001). 
 
One FMC source that includes specificity on past FMC 
industrial safety practices is the following: FMC Corporation, 
Phosphorus Chemicals Division, 1999 RCRA Case-by-Case 
Extension Application, July. Appendix CC (Pond 
Management Plan) of that document includes a discussion on 
the operation of remotely operated surveying equipment to 
assess sediment depth; the operation of auger and suction 
dredges; the movement of dredged slurry to a tank; the use of 
water to control the threat of bank fires; the operation of a 
vacuum truck to place materials into Pond 16s; and the 
movement of phossy wastes from containers into ponds.  
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96 126 8 For reference, please indicate what quantity of P4-
impacted soil would be transported for off-site 
incineration. Statements about possibly needing 
dedicated trucks or railcars may not appear feasible 
or reasonable if the volume is over 500,000 cubic 
yards vs. a smaller amount of P4 waste. 



The amount of P4 waste to be transported off site would 
depend on what RUs are actually remediated. The noted 
language in Line 14 will be modified as follows: If a large 
quantity of P4 waste is to be excavated in a short period 
of time, a large number of trucks (or railcars) may be 
required.  



97 128 25 IRODA Section 8.3.3, page 45, says “The removal 
of elemental phosphorus from the underground 
pipes can be done safely because the material is 
relatively homogeneous, contained in pipes at 
known locations, and is a relatively small quantity. 
Removed sludge will be disposed off-site 
following characterization in an appropriate 
landfill or be incinerated. The sludge will be 
removed, so this storm/sewer piping may remain in 
use.” ANL’s work in investigating ETTs 
potentially applicable to underground pipes may be 
useful to EPA Region 10 and FMC; however, it is 
not clear that ANL’s evaluation and presentation of 
technologies relevant to piping is responsive to the 
Phase 1 Independent Review Work Order. 
Additionally, the IRODA’s handling of pipelines 
may not be problematic to the Tribes since EPA 
selected pipe cleaning and disposal for P4 
contained in pipes known or suspected to contain 
P4 based on process knowledge. 



The noted language is a description of elemental phosphorus 
in the storm sewer piping only. As noted in Table 5-21 of the 
independent review, other pipes are located throughout the 
FMC OU that apparently also could contain P4. The Review 
Team looked at pipelines because they could contain P4 and 
thus seemed to be consistent with the Work Order to 
investigate the treatment of P4 at the site. 



98 129 6 It is not clear how an enhanced CSM or really 
anything short of excavation of the railcars 
themselves will provide the necessary information 
to evaluate potential ETTs. Nonintrusive 
characterization work may better identify the 
railcar locations but how would this speak to the 



The Review Team notes that some additional information 
would be needed to start with the first step: excavation of the 
railcars. 
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amount and condition of the contents, or former 
contents if there have been any leaks or migration? 



99 133 26 It would be helpful if ANL could provide some 
input or examples on potentially safe(r) 
characterization approaches that could fill ETT 
data gaps. For example, are there in situ sensors or 
indirect measurements that could provide an 
appropriately high density of data on the presence 
and relative concentration of P4 in soil throughout 
the vadose zone as well as shallow saturated zone? 



See the response above to a Global Comment. 



100 135 4 2012 IRODA was for the FMC OU only. Identify 
2010 FS as the Supplemental FS to distinguish it 
from the original site-wide FS. 



The noted clarifications will be integrated into the text. 
Pg.   135, Line 4, will be amended as follows: …Rod for the 
FMC OU in Pocatello, Idaho (EPA Region 10 2012a). 
In the Supplemental FS a review of … 



101 135 22 FMC OU not FMC site. The text will be changed to FMC OU. 
102 135 25 Recommend documenting the face-to-face meeting 



with EPA, the Tribes, and FMC as well as the 
follow-up separate meeting with the Tribes prior to 
the Independent Review kick-off. 



The language on Pg. 135, Line 14, will be modified as 
follows: The Work Order was developed during a face-
to-face meeting with EPA and the Tribes and was 
refined in a follow-up teleconference in the spring and 
summer of 2014. 



103 135 28 Draft and draft final lists should be included for 
reference in an appendix. [ANL] should also [give] 
recognition that the draft and draft final lists of 
ETTs to be evaluated were for the sole purposes of 
ANL, and neither EPA nor the Tribes had any 
input into the final list of ETTs evaluated. 



Only the final list will be included in the report.  
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104 136 5 It would be helpful if the general categories of 
uncertainties for in situ technologies were 
articulated here (i.e., viability, efficacy, 
implementability, etc.) 



These uncertainties have been detailed in Section 6.2.1 on 
Pg. 122. 



105 136 8 Would in situ technologies pose more significant 
safety and cost concerns than ex situ and if so, 
what is that determination based on? How were 
these factors (safety and cost) compared to ex situ 
alternatives? 



This statement will be augmented. Pg. 136, Line 8, will be 
modified as follows: …the health and safety concerns 
would be caused by the need to perform additional site 
characterization work. 



106 136 10 It is inferred that this sentence is referring to 
ex situ ETTs. For clarity, recommend including 
“Further, the Review Team decided that several 
ex situ ETTs also did not warrant….” 



The ETTs included here are all ex situ ETTs. 



107 136 15 It is unclear if this statement is just referring to the 
railcars or all ETTs. 



The statement will be clarified to indicate that the reference 
to the CSM refinement relates to the abandoned railcars. 



108 136 21 Based on how the analysis was conducted 
(separating excavation and treatment 
technologies), virtually all ETTs in this list would 
need to be coupled with other technologies. As 
stated elsewhere in EPA’s comments, it would be 
useful if ANL more fully developed how a 
combined remedy approach could be used to 
successfully remediate P4 in soils at the FMC OU. 



The phrase “coupled with other technologies” will be 
removed. 



109 137 1 It would be helpful if there was some discussion of 
the specific safety risks associated with 
implementation of the evaluated ETTs. Could 
include some examples such as uncontrolled 
reactions causing fires, toxic gas emissions, etc. 



Argonne believes that the safety risks associated with 
P4 remediation are well understood. No changes to report. 



110 199 11 Needs space. A space will be added. 
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FIGURE 2-2  Estimated mass and concentrations of P4 present 
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APPENDIX I: ARGONNE’S EDITORIAL CHANGES 



 
 



In addition to the changes to the Draft version of the document required by responses to 
comments from the Shoshone-Bannock Tribes (Tribes) and the U.S. Environmental Protection 
Agency (EPA), changes to the Draft version of the document as noted in Appendix I were 
required to: 
 



• Add a reference to the meeting in the Tribal Council Chambers; 
 



• Reference the comments from the Tribes and EPA and responses to the 
comments by the Review Team; and 



 
• Address additional editorial changes results from the required Argonne 



technical review process.   
 
Pg. 7, Line 42: The bullets will be changed as noted below:  
 



• RU 1 – Furnace Building, secondary condenser, and loading dock; present 
possibly due to leaks and spills from production processes and waste 
management and/or injection of waste or excess P4; 



 
• RU 19c – Railcars (also known as “buried railcars” or “abandoned 



railcars”); present because they were filled with P4 sludge and then buried in 
the slag pile (RU 19);  



 
Pg. 9, Line 40: The following will be added: “The contaminant CSM is somewhat refined for 
some RUs and is almost hypothetical for other RUs. As discussed below, there are few or no 
sample results to characterize the presence of P4 in the deep subsurface (e.g., the capillary 
fringe and the vadose zone beneath the Furnace Building). However, process knowledge can be 
used to characterize the contents of the waste present in the historical ponds. In addition, 
borings have been collected adjacent to or within several of the historical ponds, resulting in 
additional information that contributes greatly to the contaminant CSM for the historical ponds. 
Investigators have even described soil borings collected from historical ponds within RU 22B as 
“pure precipitator dust” and “phossy solids” (EPA 2003).” 
 
Pg. 9, Line 43: This line will be changed as follows: “…the Furnace Building vicinity assumes 
that warm, liquid P4 migrated downward from the sumps and….” 
 
Pg. 11, Line 5: The following paragraphs will be added:  
 
“A different aspect of the CSM for the deep Furnace Building P4 is the possibility of an injection well(s) 
used to dispose of impure or excess pure P4. On the basis of discussions at the September 21, 2015, 
meeting at the Fort Hall Tribal Business Council, the injection well was said to be at the west end of the 
Furnace Building and was used to dispose of P4 waste near the water table. The piping was warmed by 
circulating hot water through a double casing to prevent clogging. Some of the P4 was pure but was 
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excess once the railcars were full. This practice continued until the early 1990s when the well was hidden 
by a slab of concrete. An online database of wells was searched for a possible injection well(s) at the west 
end of the Furnace Building (Idaho Department of Water Resources 2015); however, the data in this 
source are only as recent as 1992, so the existence of an older injection well could not be confirmed.” 
 
[Idaho Department of Water Resources, 2015, “Well Construction” search online database 
http://www.idwr.idaho.gov/Apps/appsWell/WCInfoSearchExternal/. Accessed on September 23, 
2015.] 
 
 “It is possible that P4 beneath the Furnace Building is present due to both the use of an 
injection well and the infiltration of P4 leaked from sumps and tanks. The former would explain 
the deep P4 observed in several boreholes (described below); the latter would explain any P4 in 
the thick unsaturated zone and also possibly the deep P4.” 
 
Pg. 11, Line 9: The following will be inserted after “northeast”: hydraulically. 
 
Pg. 13, Line 5: “the liquid P4” will be replaced with: “any liquid P4.” 
 
Pg. 13, Line 12: The following will be inserted after “temperature was above 100°C”: 
“Alternatively, P4 could have been released near the water table by a heated injection well 
system. It is possible that both transport mechanisms could have been in effect. In either case, 
the P4 may have built up as a mass or “blob”… 
 
Pg. 18, Line 16: …meaning that soil and debris containing significant amounts of P4 once 
exhumed, would… 
 
Pg. 21, Line 31: Disposal of contaminated in the on-site CAMU may be done under a reduced 
set of requirements (for example without meeting LDRs)… 
 
Pg. 30, Line 24: Two new sections (Sections 3.7 and 3.8) will be added to the document: 
 
3.7  Presentation of Findings from the Draft Report,  
 
 The Review Team submitted a draft version of the report to the Tribes and the EPA on 
September 8, 2015. The Review Team presented the results of key findings from the Draft report 
to the Fort Hall Business Council, in the Fort Hall Council Chambers on September 21, 2015. 
All members of the Review Team (listed in Chapter 1) participated in the presentation. The 
presentation was followed by a morning and afternoon question-and-answer session. A follow-up 
webinar presentation was also provided to representatives of EPA who could not attend the 
meeting in Fort Hall. The webinar meeting occurred on September 28, 2015. This meeting was 
attended by all members of the Review Team, representatives of the Tribes, and EPA staff 
members. 
 
  





http://www.idwr.idaho.gov/Apps/appsWell/WCInfoSearchExternal/
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 3.8  Response to Comments and the Final Report 



On the basis of information presented at the Fort Hall Business Council meeting, the 
follow-up webinar meeting and the content of the Draft report, the SBT and EPA produced a 
series of comments. The Review Team responded to the comments by including a discussion 
and/or the actual language used to address the comments. The Tribes’ comments and Review 
Team responses can be found in Appendix G. The EPA comments and Expert Review Team 
responses can be found in Appendix H. Also included is a summary of changes required during 
final editing by Argonne staff (Appendix I). This Final version of the independent review report 
includes changes in the Draft version needed to address the Tribes’ and EPA’s comments and to 
address editorial and technical issues noted in the Draft version. 
 
Pg. 106, Line 26: “would overwhelm” will be changed to “could overwhelm.” 
 
Pg. 107, Line 1: “would be overwhelmed” will be changed to “could be overwhelmed.” 
 
Pg. 112, Line 30: This line will be modified to reflect the fact that regrading has covered the 
native soil: Figure 5-16 is a photograph of site visitors standing at or near the level of native soil 
(before the 2015 regrading operation). 
 
Pg. 136, Line 10: ETTs will be modified to: ex situ ETTs.  
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From: Martino, Louis E. [mailto:martinol@anl.gov] 
Sent: Monday, February 01, 2016 3:11 PM
To: Kelly Wright <kwright@sbtribes.com>; Jill Grant <jgrant@jillgrantlaw.com>; susanh@ida.net;
 dreisman@cinci.rr.com; Gervais, Gregory <Gervais.Gregory@epa.gov>; Adam, Michael
 <Adam.Michael@epa.gov>; Fiedler, Linda <Fiedler.Linda@epa.gov>; Fonseca, Silvina
 <Fonseca.Silvina@epa.gov>
Cc: Kimmell, Todd A. <tkimmell@anl.gov>; Quinn, John <quinnj@anl.gov>; Jerden, James L., Jr.
 <jerden@anl.gov>
Subject: RE: 2nd email with Appendices
 
All,
 
Here is the second e-mail with Appendices.
 
Louis Martino
Argonne National Laboratory
955 L'Enfant Plaza SW Suite 600 
Washington DC 20024
 
 
202 488 2422
fax 2413
mobile 443 538 4260
 


From: Martino, Louis E.
Sent: Monday, February 01, 2016 3:09 PM
To: Kelly Wright; Jill Grant; Susan Hanson; dreisman@cinci.rr.com; Gervais, Gregory; Adam, Michael;
 Fiedler, Linda; Fonseca, Silvina
Cc: Kimmell, Todd A.; Quinn, John; Jerden, James L., Jr.
Subject: 1st of two emails with final report


All,
 
Attached please find the main text of the report. Another email will follow with appendices (to be sure
 large files get through file size walls at your organization). I know I am speaking for the Argonne team
 when I indicate that it has been a pleasure working with all of you. Thanks again for giving us the
 opportunity to work on this technically challenging project.
 
Louis Martino
Argonne National Laboratory
955 L'Enfant Plaza SW Suite 600 
Washington DC 20024
 
 
202 488 2422
fax 2413
mobile 443 538 4260
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From: Williams, Jonathan
To: Cliff Merrill; Benchouk, Michele [USA] (Benchouk_Michele@bah.com); hodge-frances@bah.com
Cc: Bill Renfroe; Tim Norman; kwright@sbtribes.com; susanh@ida.net; McDonnell, Kimberlee
Subject: RE: daily summary 02/17/16
Date: Thursday, February 18, 2016 11:41:34 AM


Cliff:
 
Thanks for the summary.  One item caught my attention that I think deserves clarification.
 
Your report states that, according to Mark Smith of KW, Valley plans to start construction in early
 March.   FMC is responsible for all Remedial Action construction at the site, including RA-G North. 
 Valley verbally acknowledged that understanding at a meeting in Seattle with EPA, FMC, the Tribes,
 and IDEQ in early December 2015. 
 
The EPA February 6, 2016 disapproval and comments on FMC’s final soil remedy Remedial Design
 Report, supporting documents, and Remedial Action Work Plan also speak to this topic.  (I
 forwarded these to you yesterday.)  There are several comments about site access and Remedial
 Action construction scheduling/sequencing within RA-G and the rest of the FMC OU. 
 
In short, I think what KW meant is that FMC might be prepared to begin Remedial Action
 construction work within RA-G North in early March if the forthcoming FMC RD/RA resubmittal is
 responsive to EPA comments of February 6, 2016.  When Valley contractors would then be allowed
 on site to do general construction work is unclear.  The proposed schedules provided to EPA so far
 do not clearly identify when remedial action construction within RA-G North is anticipated to be
 complete.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Cliff Merrill [mailto:Cliff.Merrill@akana.us] 
Sent: Wednesday, February 17, 2016 5:17 PM
To: Benchouk, Michele [USA] (Benchouk_Michele@bah.com) <Benchouk_Michele@bah.com>;
 hodge-frances@bah.com
Cc: Williams, Jonathan <Williams.Jonathan@epa.gov>; Bill Renfroe <bill.renfroe@akana.us>; Tim
 Norman <Tim.Norman@akana.us>; kwright@sbtribes.com; susanh@ida.net
Subject: daily summary 02/17/16
 
I met with Mark Smith of FMC,K/W at 1355 and received my on-site refresher safety training.  I was
 asked this morning to go to the FMC project for oversight work as K/W began to work again on the
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 septic tank vault cleanout work.  K/W began work on this late last fall and have started back again as
 of yesterday.  Mark filled me in on what they have done yesterday (mostly pumped water out of the
 vault) and so far today (continued pumping and preparing to gather waste into barrels), and said
 they should be through with this vault cleanout work within two weeks.  Tim Norman told me he
 plans on arriving this coming  Monday and will be here for most of the work next week.  K/W
 cleaned the walls of the vault this afternoon and left about 4pm (1600) to get some parts and other
 equipment for tomorrow.  They plan on resuming work tomorrow morning with Roto-Rooter (sub
 contr.) doing some of the work.  Mark Smith also said that Valley A. plans on starting construction
 around the first week of March and the continued capping work is scheduled to start around the
 first week of April.  The weather was cloudy all day with a high of about 50 F.
 
 
 
 
 


Cliff Merrill 
FMC Project Oversight
 


Akana
6400 SE Lake Road, Suite 270
Portland, OR  97222
 


O: (503) 652-9090         M: (208) 221-0767
Cliff.Merrill@akana.us
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From: Sheldrake, Beth
To: Lynch, Kira
Cc: McDonnell, Kimberlee
Subject: FW: (Lepic FOIA) Argonne National Laboratory Independent Review of Technologies for P4: 1st of two emails


 with final report
Date: Thursday, February 11, 2016 3:00:11 PM
Attachments: Main Text Independent Review Phosphorus-Remediation-EVS-TM-15-2-January 2016.pdf


FYI
 
 
________________________________________________________
Beth Sheldrake | Unit Manager
U.S. Environmental Protection Agency | Region 10
Office of Environmental Cleanup
Superfund Site Cleanup Unit #1
p: 206.553.0220 | c: 206.890-1827 | sheldrake.beth@epa.gov
 
 


From: Gervais, Gregory 
Sent: Monday, February 01, 2016 12:29 PM
To: OLEM OSRTI OD Materials <OLEM_OSRTI_OD_Materials@epa.gov>; Barr, Pamela
 <Barr.Pamela@epa.gov>; Fitz-James, Schatzi <Fitz-James.Schatzi@epa.gov>; Stalcup, Dana
 <Stalcup.Dana@epa.gov>; Ammon, Doug <Ammon.Doug@epa.gov>; Benjamin, Kent
 <Benjamin.Kent@epa.gov>; Baca, Andrew <Baca.Andrew@epa.gov>; Sims, JaniceHQ
 <Sims.JaniceHQ@epa.gov>; Sheldrake, Beth <sheldrake.beth@epa.gov>; Williams, Jonathan
 <Williams.Jonathan@epa.gov>; McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>; Woods,
 Jim <Woods.Jim@epa.gov>
Cc: Fonseca, Silvina <Fonseca.Silvina@epa.gov>; Adam, Michael <Adam.Michael@epa.gov>; Fiedler,
 Linda <Fiedler.Linda@epa.gov>
Subject: (Lepic FOIA) Argonne National Laboratory Independent Review of Technologies for P4: 1st
 of two emails with final report
 
All,
 
Note that ANL included the responses to comments from the Tribes and EPA as Appendices G and H
 (email 2 of 2). Silvina and I will review and advise OSRTI and OLEM on the key information. We will
 be talking with the Region 10 team via phone next week to establish our meeting agenda for 2/22-
23 in Seattle. More to come.
 
Thanks,
 
Greg
 
OSWER OSRTI OD Materials <OLEM_OSRTI_OD_Materials@epa.gov>; Barr, Pamela
 <barr.pamela@epa.gov>; Fitz-James, Schatzi <Fitz-James.Schatzi@epa.gov>; Stalcup, Dana
 <Stalcup.Dana@epa.gov>; Ammon, Doug <ammon.doug@epa.gov>; Benjamin, Kent
 <Benjamin.Kent@epa.gov>; Baca, Andrew <Baca.Andrew@epa.gov>; Sims, JaniceHQ
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ABSTRACT 
 
 



 Elemental phosphorus (P4) was manufactured from phosphate ore at 
FMC’s Pocatello, Idaho, facility (referred to throughout this report as the FMC 
operable unit [OU]), located on privately owned land within the Shoshone-
Bannock Tribes’ Fort Hall Indian Reservation. The now-closed facility includes 
disposal sites regulated under the Resource Conservation and Recovery Act, as 
amended, and the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), as amended. In September 2012, the 
U.S. Environmental Protection Agency (EPA) issued an Interim Amendment to 
the Record of Decision for the CERCLA waste disposal sites on the FMC OU. 
The EPA determined that capping was the preferred approach for the long-term 
management of the disposal sites. However, the Shoshone-Bannock Tribes 
(Tribes) favor the permanent removal and/or treatment of P4. To address the 
Tribes’ concerns about the results of the CERCLA process, the EPA and the 
Tribes agreed to have Argonne National Laboratory (Argonne) perform an 
independent review of excavation and treatment technologies (ETTs). This report 
documents how the independent review was conducted and presents the results of 
the review.  
 
 Argonne’s Review Team examined in situ treatment technologies and 
ex situ ETTs. The ETTs evaluated by the Review Team are in various stages of 
maturity; some are available for use immediately, and others are in a theoretical or 
conceptual phase and will require a long lead time for development. In some 
cases, uncertainties about the Conceptual Site Model (CSM) prevented a full 
evaluation of ETTs. As a result, the Review Team recommends focusing only on 
mature ETTs that have a proven track record and that have been used successfully 
either at the former FMC facility or at other sites where P4 was handled. In 
addition to the most significant consideration (i.e., risk to site workers during 
implementation of the selected alternative), a decision to excavate and treat 
P4 waste would have several additional impacts, including the following:  
 
• Impacts on community health and safety, 
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• Impacts on the environment, and 
 
• Impacts on schedule and cost. 
 
 If, despite risks to workers and these potential impacts, stakeholders  
decide that P4 wastes need to be excavated and treated, the Review Team 
determined that a number of the ETTs examined warrant further consideration for 
the treatment of P4 waste that has been characterized (for example, P4 waste 
present in the historical ponds). Nevertheless, concerns about the health and 
safety of site investigation workers using then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of 
the site (e.g., the railroad swale, the vadose zone beneath the Furnace Building, 
and the abandoned railcars), As a result, the contaminant CSM in those particular 
areas was not refined enough to allow the Review Team to draw conclusions 
about using some of the ETTs to treat P4 waste in those areas. The readiness of an 
ETT for implementation varies depending on many factors, including stakeholder 
input, permitting, and remedial action construction requirements. Technologies 
that could be ready for use in the near term (within 1 year) include the following: 
mechanical excavation, containment technologies, off-site incineration, and 
drying and mechanical mixing under a tent structure. Technologies that could be 
ready for use in the mid-term (1 to 2 years) include cutter suction dredging, 
thermal-hydraulic dredging, and underground pipeline cleaning technologies. 
Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, a land disposal restriction waste treatment system, an Albright & 
Wilson batch mud still, post-treatment on-site disposal, and post-treatment off-site 
disposal. 



 
 



EXECUTIVE SUMMARY 
 
 
  In September 2012, the U.S. Environmental Protection Agency (EPA) issued an Interim 
Amendment to the Record of Decision for the FMC Operable Unit (OU), Eastern Michaud Flats 
Superfund site in Pocatello, Idaho (EPA Region 10 2012a). In the Supplemental Remedial 
Investigation/Feasibility Study (Supplemental RI/FS), a review was conducted of technologies 
that could be implemented to address elemental phosphorus (P4) in the soil (the principal threat 
waste) (MWH 2010). Throughout this report, P4 is used to refer to the highly reactive, toxic 
allotrope of elemental phosphorus also known as white or yellow phosphorus. On the basis of 
that review and the Comprehensive Environmental Response, Compensation, and Liability Act’s 
(CERCLA’s) nine criteria, the EPA determined that capping was the preferred approach. 
However, the Shoshone-Bannock Tribes (Tribes), who are major stakeholders, favor the 
permanent removal and/or treatment of P4. The Tribes have expressed concerns regarding the 
previous review of potential treatment technologies. To address their concerns, the EPA agreed 
to commission an independent review of excavation and treatment technologies (ETTs) for soils 
contaminated with P4 to supplement the original assessment of potential ETTs. 
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 The EPA and the Tribes agreed that the review should be conducted by an independent, 
objective entity capable of assembling researchers with world-class expertise in the subject 
matter. The EPA believes, and the Tribes have concurred, that Argonne National Laboratory 
(Argonne) has this capability. The EPA and the Tribes agreed to a framework for how the 
independent review is to be performed. This review framework is described in the July 1, 2014, 
document included in this report as Appendix A: Independent Review of Elemental Phosphorus 
Remediation at Eastern Michaud Flats, FMC Operable Unit, Work Order, per Interagency 
Agreement EPA DW-89-92291201/Proposal P-08125 (hereinafter called the “Work Order”). As 
the EPA indicates in the Work Order, the results of this independent review will ultimately 
supplement the previous evaluation of treatment technologies conducted pursuant to the 
Supplemental RI/FS. 
 
 Argonne submitted a Response to the Work Order, referred to as the Technical Proposal, 
on September 29, 2014. The Technical Proposal, included in this report as Appendix B, 
described the process for establishing an expert Review Team and proposed a scope of work for 
performing the independent review. The Review Team performed the following tasks to address 
the Work Order: 
 



• Reviewed existing site characterization information, 
 



• Reviewed technologies, 
 



• Evaluated applicability of technologies, 
 



• Proposed evaluation parameters, and 
 



• Documented results in a report. 
 
 The Review Team learned that due to site investigation worker health and safety issues, 
site investigators have avoided collecting any samples that contain P4. Therefore, only sparse 
site characterization data are available to indicate where the P4 is and is not located throughout 
the site. Although its vertical and lateral distributions is not well defined, it is inferred that P4 
can be found in the soil at the site at various concentrations, ranging from just above the 
analytical detection limit to its nearly pure form. Except at low temperatures, P4 oxidizes almost 
instantaneously upon exposure to air, releasing toxic gases. Red phosphorus and, in some cases, 
other compounds containing phosphorus are also present. Industrial process infrastructure 
(e.g., the underground pipelines used to convey gases from the electric arc furnaces to the 
calciner) could contain nearly pure P4, especially if the P4 in the pipelines has not been exposed 
to air. Railcars that are suspected to contain highly concentrated P4 are also buried at the site. As 
a result of the site’s product- and waste-handling practices, P4 in various forms has affected the 
native soil at the site, which is composed of silt, sandy silt, sand, gravel, gravelly silt, and 
cobbles. 
 
 P4 waste is present at the former FMC plant in waste disposal units that underwent 
closure under the Resource Conservation and Recovery Act (RCRA) and that are now being 
managed under RCRA post-closure plans. P4 waste is also present in portions of the plant that 
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were not regulated under RCRA (hereinafter called non-RCRA areas). This independent review 
did not focus on the closed disposal sites  regulated under RCRA. In some cases, however, the 
closed RCRA units are on top of or adjacent to the non-RCRA areas. The Review Team did not 
evaluate whether or not the proximity of the non-RCRA areas to the closed disposal sites 
regulated under RCRA would affect the ability to implement the ETTs discussed in this 
independent review. 
 
 Working with the EPA and the Tribes, Argonne proposed draft and draft final versions of 
the ETT review parameters from September 2014 to February 2015. The final version of the ETT 
review parameters includes the following:  
 



• Process maturity, 
 



• Limitations, 
 



• Time to implement (not including permitting and approvals), 
 



• Effectiveness of removing and/or treating P4 on site, 
 



• Process safety for site workers during implementation, 
 



• Community health and safety during implementation, 
 



• Impacts to the environment during implementation, 
 



• Post-implementation impacts on the environment and the community, and 
 



• Overall discussion of advantages and disadvantages. 
 
 After examining the issues at the FMC OU and the regulatory history at the site over the 
years, removal or remedial actions that were taken at similar sites in the past, and potential ETTs 
that might be applied, Argonne identified a number of principles that influenced the way the 
independent review was performed. These are as follows: 
 



• Technologies to safely excavate, size, create waste feed materials, and 
temporarily store P4 waste in preparation for treatment in a “downstream” 
ETT appear to exist (hereinafter called “ancillary technologies”). 



 
• Site worker safety issues associated with the implementation of any ex situ 



ETTs appear to be comparable to the site worker safety issues associated with 
the original manufacturing process for producing, packaging, and transporting 
P4 and managing P4 waste. Appropriate engineering controls and personal 
protective equipment (PPE) can be used to control worker exposure during 
remediation activity in compliance with worker protection regulations under 
the Occupational Safety and Health Administration. 
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• Any water requirements for ETTs (including water needs for ETT 
implementation and the potential for accentuating contaminant migration) can 
be addressed by modifications to the groundwater pump-and-treat system 
required in the Interim Record of Decision. 



 
 For the purposes of this independent review, the Review Team considered an ETT a 
technology that can excavate and/or treat P4 waste or that can reclaim P4 for reuse or produce a 
P4 by-product. ETTs include technologies that can treat P4 in situ. Furthermore, ETTs also 
include the ancillary technologies required to store, sample, size, and blend the waste feed for a 
treatment technology. P4 waste includes process waste, soil, and debris (in this case, debris is 
any man-made object) containing or contaminated with P4.  
 
 Potential ETTs that could be implemented at the FMC OU were researched extensively. 
The research focused on P4 ETTs but also considered how to deal with heavy metals and 
radionuclides that might be present in significant amounts at various locations within the FMC 
OU. The Review Team, recognizing that P4 and P4 by-products (post-treatment) have value, also 
examined recovery technologies. Landfill options were examined only insofar as they could be 
used to address residuals that remained after P4 was removed from soil and debris and/or treated 
to reduce its concentration to acceptable levels. 
 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered a reasonable potential for successfully and safely addressing the P4 waste. 
Only those technologies that made this cut are examined in detail in this report, using the ETT 
review parameters cited above. The technologies were categorized into groups depending on 
their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 
 



• Ex situ treatment technologies, including both on-site and off-site treatment; 
and 



 
• Ex situ (off-site) disposal technologies. 



 
 In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and buried railcars warranted special consideration. Technologies addressing 
these special cases are also included. 
 
 The Review Team examined in detail 18 ETTs that potentially could be applicable for 
excavating and treating P4 waste at the FMC OU. The technologies examined ranged in maturity 
from a theoretical or conceptual stage to a mature technology that has been used to treat P4 waste 
in real-world, full-scale systems.  
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 Although the in situ ETTs examined are potentially applicable to the FMC OU, 
uncertainties pertaining to both the Conceptual Site Model (CSM) and the in situ ETTs suggest 
that further consideration of these technologies in situ is not warranted because subsurface 
remediation, regardless of which ETT was implemented, would be incomplete. In addition, the 
in situ ETTs, with or without containment technology, would involve significant safety and cost 
issues, which would primarily be associated with the need to refine the CSM and perform bench- 
and pilot-scale studies. 
 
 The Review Team decided that several ETTs did not warrant further consideration; these 
included solvent stirred batch reactor, wet air oxidation, and technologies considered for 
abandoned railcars. Further consideration of wet air oxidation is not warranted due to operational 
issues. The solvent still batch reactor was rejected because the process is only at the bench-scale 
stage. Insufficient information is available to determine whether or not an excavation or 
treatment technology would be specifically applicable to the abandoned rail cars. A refined CSM 
is necessary before the Review Team could determine whether any excavation or treatment 
technology warrants further consideration. 
 
 After the evaluation process, the Review Team determined that the following ETTs 
warrant further consideration: 
 



• Containment technologies, 
 



• Mechanical excavation, 
 



• Cutter suction dredging, 
 



• Thermal hydraulic dredging, 
 



• On-site incineration, 
 



• Drying-mechanical mixing under a tent structure, 
 



• Albright & Wilson (A&W) batch mud still, 
 



• Land disposal restriction (LDR) waste treatment system (WTS), 
 



• Off-site incineration facility, 
 



• Post-treatment on-site disposal, 
 



• Post-treatment off-site disposal, and 
 



• Underground pipeline cleaning technologies.  
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 In addition to the most significant consideration (risk to site workers during 
implementation), a decision to excavate and treat P4 waste would have several effects. These 
include the following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and  
 



• Impacts on schedule and cost. 
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used in 
combination to treat only a subset of the P4 waste present at the site. Concerns about the health 
and safety of investigation site workers using the then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of the site, 
including, for example, the railroad swale, the vadose zone beneath the Furnace Building, and 
the abandoned railcars. It appears that no attempt was made to experiment with or to use 
alternative characterization methods (such as modified PPE, nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, etc.) as part of the investigation. As a result, 
the CSM in those particular areas is not refined enough to allow a full evaluation of ETTs and to 
allow the Review Team to draw conclusions about the efficacy of the ETTs examined. However, 
in other areas of the site, for example, the historical ponds, process knowledge (information 
about the process waste stream discharged to the historical ponds), and the information gathered 
during both the CERCLA investigations and the RCRA-related investigations, provide the 
information needed to determine whether or not the ETTs considered warrant further 
consideration for P4 in those areas. The readiness of an ETT for implementation varies 
depending on many factors, such as stakeholder input, permitting, and remedial action 
construction requirements. Technologies ready in the near-term (within 1 year) include 
mechanical excavation, containment technologies, off-site incineration, and drying and 
mechanical mixing under a tent structure. Technologies that could be ready in the mid-term (1 to 
2 years) include cutter suction dredging, thermal-hydraulic dredging, and underground pipeline 
cleaning technologies. Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-
treatment off-site disposal. 
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1 INTRODUCTION 
 
 
1.1 SUMMARY OF ISSUES AT THE FMC OPERABLE UNIT 
 
  Elemental phosphorus (P4) was manufactured from phosphate ore at FMC’s Pocatello, 
Idaho, facility (referred to throughout this report as the FMC Operable Unit [OU]), located on 
1,400 acres of privately owned land within the Shoshone-Bannock Tribes’ Fort Hall Indian 
reservation (land that is referred to as “Eastern Michaud Flats” or EMF). In 1990, FMC was the 
world’s largest producer of P4. Operating from 1949 until 2001, FMC (or predecessor 
P4 manufacturers) processed about 1.4 million tons of shale ore per year, produced 
250 million lb of P4 per year, and generated about 1,360,000 tons of hazardous waste per year 
(FMC 2000) (Figure 1-1). The FMC plant closed in 2001. 
 
 In September 2012, the U.S. Environmental Protection Agency (EPA) issued an Interim 
Amendment to the Record of Decision for the EMF Superfund site in Pocatello, Idaho 
(EPA Region 10 2012a). In the Supplemental Remedial Investigation/Feasibility Study 
(Supplemental RI/FS), a review of technologies that could be implemented to address the P4 in 
the soil (the principal threat waste) was conducted (MWH 2010). On the basis of that review and 
using the Comprehensive Environmental Response, Compensation, and Liability Act’s 
(CERCLA’s) nine criteria, the EPA determined that capping was the preferred approach. 
However, the Shoshone-Bannock Tribes (Tribes) favor the permanent removal and/or treatment 
of contaminants. The Tribes have expressed concerns regarding the previous review conducted 
on potential treatment technologies. To address the Tribes’ concerns, the EPA agreed to 
commission an independent review of excavation and treatment technologies (ETTs) for soils 
contaminated with P4 to supplement the assessment of potential ETTs. 
 
 



 



FIGURE 1-1 FMC Operable Unit  
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 For the purposes of this independent review, P4 waste is considered process waste 
(i.e., waste created by the P4 manufacturing process) and also soil contaminated with P4 and 
debris (man-made materials) contaminated with P4. An ETT is a technology that can excavate 
and/or treat P4 waste. Technologies that can treat P4 waste in situ were also considered ETTs. 
Furthermore, ETTs include the ancillary technologies required to store, sample, size, and blend 
the waste feed for a treatment technology. 
 
 
1.2 ARGONNE’S ROLE AS AN INDEPENDENT REVIEWER 
 
 The EPA is committed to working closely with the Tribes in framing and conducting this 
independent review of ETTs for soil contaminated with P4. The EPA and the Tribes agreed that 
the review should be conducted by an independent, objective entity capable of assembling 
researchers with world-class expertise in the subject matter. The EPA believes, and the Tribes 
have concurred, that Argonne National Laboratory (Argonne) has this capability. The EPA and 
the Tribes agreed to a framework for how the independent review is to be performed. This 
review framework is described in the July 1, 2014, document included in this report as 
Appendix A: Independent Review of Elemental Phosphorus Remediation at Eastern Michaud 
Flats, FMC Operable Unit, Work Order, per Interagency Agreement EPA DW-89-
92291201/Proposal P-08125, (hereinafter called the “Work Order”) Argonne National 
Laboratory, Environmental Science Division. As EPA indicates in the Work Order, the results of 
this independent review will ultimately supplement the previous evaluation of treatment 
technologies conducted pursuant to the Supplemental RI/FS. 
 
 To address the concerns of the Tribes, Argonne submitted a Response to the Work Order, 
referred to as the Technical Proposal, on September 29, 2014. The Technical Proposal, included 
here as Appendix B, describes how the Review Team initially planned to perform Phase 1 of the 
Work Order, which involved researching, reviewing, evaluating, and reporting on ETTs for the 
FMC OU. This independent review summarizes the results from Phase 1 of the Work Order. 
 
 
1.3 ESTABLISHMENT OF THE REVIEW TEAM 
 
 The Review Team consists of four Argonne staff members who are subject matter experts 
(SMEs). Information on the team members and their related expertise follows here: 
 



• Louis Martino, Environmental Systems Engineer, Argonne. Mr. Martino is an 
SME in the investigation and remediation of sites associated with chemical 
warfare agents and military munitions. He functioned as the project manager, 
health and safety officer, and field team manager for the RI/FS and the 
collection of samples related to the ecological risk assessment for the White 
Phosphorus Pits at Aberdeen Proving Ground. Mr. Martino was the Argonne 
project manager for the Final Independent Design Review: Simplot Site 
Eastern Michaud Flats Superfund Site, Pocatello, Idaho (EPA-542-R-09-
006), of August 2009. Mr. Martino is an SME in performing feasibility studies 
and making cost estimates for implementing remediation technologies. He is 
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also an expert on key regulatory frameworks that would likely have an impact 
on the feasibility of ETTs and their ability to be implemented, including the 
Resource Conservation and Recovery Act (RCRA) Land Disposal Restrictions 
(LDRs). 



 
• James Jerden, PhD, Geochemist, Argonne. Dr. Jerden is an expert on the 



reactive transport of contaminants and environmental mineralogy. He has 
more than a decade of experience in characterizing and modeling the 
processes by which radionuclides and other metals are transported into the 
biosphere. His recent work has focused on the speciation and mineralogy of 
actinides and phosphorus in the environment. 



 
• Todd Kimmell, Senior Environmental Analyst, Argonne. Mr. Kimmell has 



participated in a number of National Research Council committees involved in 
chemical weapons demilitarization, including several that have dealt with 
determining appropriate actions for chemical weapons disposed of at various 
sites across the United States. He has also supported several cleanup projects 
under RCRA and CERCLA at military sites within the United States, and he 
has been involved at a national level with guidance and training programs 
involving the remediation of hazardous waste sites. Mr. Kimmell is an SME 
on key regulatory frameworks that are likely to have an impact on the 
feasibility and the ability to implement CERCLA removal and remedial 
actions. He is also an expert in areas of hazardous waste characterization 
under RCRA and RCRA LDRs. 



 
• John Quinn, PhD, PE, Principal Hydrogeologist, Argonne. Dr. Quinn has 



expertise in hydrogeology, data visualization, and remediation technology and 
had prior experience working on the Final Independent Design Review: 
Simplot Site Eastern Michaud Flats Superfund Site, Pocatello, Idaho 
(EPA-542-R-09-006), of August 2009. Dr. Quinn also participated in the 
review of a remedial systems evaluation of the Homestake Mine in New 
Mexico and in a data gap analysis of Dover Gas Light Company’s Delaware 
site.  



 
Each member of the team has completed an Argonne-required form that identifies affiliations or 
activities that would constitute any conflicts of interest related to participating on the Review 
Team. No member of the team has worked for FMC or currently works for FMC. 
 
 
1.4 AGREED-UPON SCOPE OF WORK 
 
 The Review Team performed the following tasks to address the Work Order: 
 



• Reviewed existing site characterization information. The team reviewed 
existing information regarding site-specific conditions, such as site 
contamination profiles and the evolving Conceptual Site Model (CSM). No 
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additional sampling was commissioned or undertaken to support this review. 
The focus of the review was on those aspects of the CSM that relate 
specifically to P4, its chemical reactions, and its by-products in the soil at the 
FMC OU and on the aspects that could affect implementation of an ETT at the 
site. Impacted soil that could be encountered at the site includes silt, sand, 
gravel, cobbles, sandy silt, and gravelly silt. Other contaminants or media 
were evaluated as needed, since it is likely that the radiological and chemical 
constituents of concern that are present, their RCRA reactivity characteristics, 
and the myriad nonsoil media found throughout the site (e.g., plant 
infrastructure [concrete foundations, asphalt, underground piping, sumps, 
storm drains, sumps], slag, metal scrap, pollution control sludge) could have a 
profound impact on the efficacy of an ETT. This task included a site visit and 
walkover and a review of historical site information. 



 
• Reviewed technologies. This review identified technologies found in 



(1) existing literature; (2) applied research; and (3) bench-scale, pilot-scale, 
and/or operational situations that would be relevant to the conditions found at 
the FMC OU. The review also covered technologies evaluated previously at 
the FMC site. Opportunities for combining ETTs or using one or more ETTs 
in different locations at the FMC site were explored. 



 
• Evaluated applicability. The identified ETTs were evaluated for their 



applicability to the conditions found throughout the FMC OU. The site was 
divided into areas based on the Review Team’s understanding of how the 
P4 that was present related to the ETTs evaluated. 



 
• Proposed parameters. The Review Team proposed parameters to be used to 



evaluate the ETTs. The Review Team prepared draft and final versions of the 
parameters, hereinafter referred to as “ETT Review Parameters.” As a starting 
point, here is a list of those parameters: 



 
– Efficacy and feasibility (technical merits), 
– Advantages, 
– Disadvantages, 
– Limitations, 
– Time to implement, 
– Effectiveness of removing and/or treating P4, and 
– Health and safety. 



 
As specified in the July 1, 2014, Work Order from the EPA and the Tribes, the review did not 
include an evaluation of ETTs against the set of nine CERCLA criteria. However, in evaluating 
the “technical merits” called out above, Argonne considered specific criteria that could be 
considered similar to aspects of the nine CERCLA criteria. 
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1.5 STRUCTURE OF REPORT 
 
 As specified in the technical response from Argonne, the report is structured as follows: 
 



• Summary of the work to be performed; 
 



• Description of the ETTs, including the identification of other sites where 
ETTs have been used both domestically and internationally; 



 
• Description of the ETTs that warrant further consideration; 



 
• Summary on the use of ETTs at those sites and their applicability to the FMC 



OU; and 
 



• Identification of data gaps. For the ETTs examined, data gaps were identified 
for all applicable technologies needed to implement the ETTs at the site. In 
the case of ETTs that did not warrant a detailed examination because of the 
existence of data gaps, the Review Team identified further studies needed to 
fill those gaps.  
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2 BACKGROUND 
 
 
2.1 FMC SITE DESCRIPTION 
 
 Elemental phosphorus (P4) was produced at the FMC OU using phosphate-bearing shale 
ore originating from two different regional mine sites. Ore was shipped to the facility via rail, 
and it was either processed immediately or stockpiled. The ore was formed into briquettes, and 
the briquettes were calcined in rotary kilns.  By 1968, the briquettes were calcined using 
traveling grate calciners. The calcined briquettes were either stockpiled or immediately blended 
with coke and quartzite to create a feedstock for electric arc furnaces. The four electric arc 
furnaces produced gaseous P4, carbon monoxide (CO) gas, slag, and “ferrophos” (FeP). The P4 
gas was condensed into a liquid and then stored before being shipped off site as product. 
Electrostatic precipitators were located “downstream” of the phosphorus furnaces. Prior to 1955, 
precipitator solids were handled dry; after 1955, a slurry system was installed. 
 
 The manufacturing process, pollution control requirements, and product-handling 
practices resulted in the generation of high-volume and diverse waste streams that contained 
chemical and radiological constituents of concern, including P4 and other forms of phosphorus. 
For example, the water that was used to isolate the P4 product from contact with air (known as 
“phossy water”) was managed in a series of surface impoundments. Phossy water and the 
associated “phossy solids” were likely to contain P4. Process water used to make a slurry from 
precipitator dust generated during furnace operations was also likely to contain P4 and was 
managed in surface impoundments. The piping system (some of which was underground), which 
was used to route CO gas from furnaces to the kilns at first and to the calciners later, might also 
have contained P4. The slag created during furnace operations was also expected to contain P4. 
Surface impoundments (some of which were newly constructed to meet minimum technology 
requirements under RCRA) and on-site landfills were used to manage plant waste streams (that 
included, but were not limited to, phossy water, phossy solids, precipitator slurry, slag, and slag-
related soil and debris) and treatment residuals from kiln and calciner off-gas treatment. In some 
cases, the presence of P4 could only be inferred, because field sampling teams were either 
cautioned against or prohibited from exposing P4 containing subsurface materials to the air 
during the performance of the Supplemental RI (MWH 2009).  
 
 
2.2 SITE UNDERSTANDING/CONCEPTUAL SITE MODEL 
 



White phosphorus is acutely toxic and poisonous, with a fatal dose for humans around 
50 mg. White phosphorus will spontaneously ignite in air at temperatures greater than 30°C 
(86°F); therefore, in addition to keeping P4 under water whenever possible, another generally 
applicable safety precaution is to work with P4 only under cold conditions (Rivera et al. 1996). 
The physical and chemical properties of P4 that could affect the ETTs discussed below include 
its melting point of 44°C, its densities of 1.828 g/cm3 (solid) and 1.745 g/cm3 (liquid at 44.5°C), 
its vapor pressures of 3.4E-5 atm at 20oC and 1.0E-3 atm at 76.6°C, and its solubility of 
approximately 4 mg/L at 25°C in water (Rivera et al. 1996). 
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Oxidation of P4 results in a number of different gaseous phosphorus species, the most 
abundant of which is P2O5 (Rivera et al. 1996). When exposed to water or humid air, P2O5 is 
converted to phosphoric acid. This process can occur within human lungs after inhalation of 
P2O5, thus causing severe irritation. White phosphorus reacts to form phosphine gas (PH3) in 
moist, anoxic environments such as subsurface sediments and soils. The rate of this reaction 
increases dramatically with increasing pH (above 7) (Rivera et al. 1996). Phosphine gas is 
flammable and highly toxic with an auto-ignition temperature of 38°C and an LD50 (median 
dose) of 3 mg/kg. As with the oxidation/ignition hazard, the risk of PH3 production can be 
mitigated by working with P4 at low temperatures (at least below 30°C) (Rivera et al. 1996). 
 



In addition to the acute inhalation hazard and dermal hazards associated with skin 
contact, chronic poisoning due to long-term exposure to P4-related vapors and gases poses 
significant risks that need to be accounted for in assessing site worker safety. Chronic exposure 
to P4 vapors and associated gases can cause necrosis of the jaw bone (phossy-jaw) and damage 
to lungs, eyes, bones, and the gastrointestinal tract (Rivera et al. 1996). 
 



Soil co-located with other environmental media (surface water, sediment, and 
groundwater) or plant infrastructure that could have been affected by P4 is known or suspected 
to be present in the following remediation units (RUs) or areas of the FMC OU (Figure 2-1):  
 



• RU 1 – Furnace Building, secondary condenser, and loading dock; present 
possibly due to leaks and spills from production processes and waste 
management and/or injection of waste or excess P4;  



 
• RU 2 – Slag pit; present due to leaks and spills from production processes and 



waste management;  
 



• RU 13 – Pond 8S recovery process area and metal scrap preparation area; 
present due to management of waste materials in the adjacent old pond area;  



 
• RU 19c – Railcars (also known as “buried railcars” or “abandoned railcars”); 



present because they were filled with P4 sludge and then buried in the slag 
pile (RU 19);  



 
• RU 22b – Old pond area; present due to management and disposal of 



P4-containing soil and debris;  
 



• RU 22c – Railroad swale; present due to phossy water spills entering 
stormwater sewers and discharging to the stormwater retention pond; 



 
• Areas containing underground piping or sewer lines; present because they 



carried phossy water, precipitator slurry, or CO gas and could thus potentially 
contain residual P4 or because they might have leaked P4 (RUs 1, 2, 3, 8, 12, 
13, 22b, and 24); and 



 
• P4 in the capillary fringe above the groundwater in RUs 3 and 7. 
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FIGURE 2-1 RU Boundaries at the FMC Plant (Source: MWH 2010) 
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The P4 that is present in the soil at the site could be encountered at various 
concentrations, ranging from just above the analytical detection limit to its nearly pure state. 
Since P4 oxidizes almost instantaneously upon exposure to air (except at low temperatures), 
oxidation by-products, such as red phosphorus and, in some cases, phosphate minerals, are 
probably also present. Industrial processes (e.g., the pipelines used to convey CO gas from the 
electric arc furnaces to the calciner) could contain nearly pure P4, especially if the P4 in the 
pipelines has not been exposed to air. The buried railcars in RU 19c reportedly contain P4 sludge 
with concentrations ranging from 75% to 95%, as reported in Appendix B of the Supplemental 
FS, or with P4 sludge concentrations ranging from 10% to 25%, as reported in the main text of 
the Supplemental FS (MWH 2010). The correct P4 concentration is unknown to the Review 
Team. Various forms of P4 from the site’s product- and waste-handling practices has affected the 
native soil at the site, which is composed of silt, sandy silt, sand, gravel, gravelly silt, and 
cobbles. 
 
 Production processes and waste-handling practices have changed over time. Some of the 
surface impoundments used to handle the phossy water and the precipitator slurry were defined 
as hazardous waste management units under RCRA and were closed under EPA-approved 
RCRA closure plans. The rotary kilns were replaced with traveling grate calciners in 1968. 
Off-gas from the kilns and calciners was treated with wet scrubbers. Scrubber liquor blowdown 
was managed in both lined and unlined surface impoundments, some of which were 
deconstructed and placed in the RCRA units. In addition, slag handling practices have also 
changed over time. Table 2-1 summarizes the amounts of phosphorus that could potentially be 
present in the various RUs listed. The distribution of the P4 waste present at the site is roughly as 
follows: about 10,870 tons of P4 waste with P4 concentrations ranging from 0.25% to 20% are 
present in about 482,224 yd3 of fill. The more concentrated P4 waste present in the capillary 
fringe, the railcars, and underground piping contains about 7,500 tons of P4 waste with 
P4 concentrations greater than 20% present in 2,800,000 yd3 of fill. Figure 2-2 depicts the mass 
of P4 present in the historical ponds and railroad swale in relation to the mass of P4 present in 
the railcars, piping, and capillary fringe. 
 



The contaminant CSM is somewhat refined for some RUs and is almost hypothetical for 
other RUs. As discussed below, there are few or no sample results to characterize the presence of 
P4 in the deep subsurface (e.g., the capillary fringe and the vadose zone beneath the Furnace 
Building). However, process knowledge can be used to characterize the contents of the waste 
present in the historical ponds. In addition, borings have been collected adjacent to or within 
several of the historical ponds, resulting in additional information that contributes greatly to the 
contaminant CSM for the historical ponds. Investigators have even described soil borings 
collected from historical ponds within RU 22B as “pure precipitator dust” and “phossy solids” 
(EPA 2003). 
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TABLE 2-1 Location, Mass, Likely Concentration, Aerial Extent, Relative 
Depth (to Native Soil or P4), and Fill Volume of P4-Containing Areas 



Location 



Maximum 
P4 Mass 



(tons) 



Likely P4 
Concentration 



(wt%) 
Area 



(acres) 



 
Depth to 
Native 



Soil or to 
P4 (ft) 



Total Fill 
Volume 
(yd3)a 



      
Capillary fringe, RU 1, 
RU 2, RA-B 



5,470 50 7.8 90 to P4 2,500,000 



      
Pond 7S, RU 22b, RA-C 4,420 20 3.6 20 116,160 
      
Pond 6S, RU 22b, RA-C 3,000 10 2.3 20 74,213 
      
Railcars, RU 19c, RA-F  2,000 25b 2.7 120 to P4b 300,000 
      
Pond 3S, RU 22b, RA-C 1,070 10 1.2 20 38,720 
      
Pond 5S, RU 22b, RA-C 1,000 10 1 20 32,267 
      
Pond 4S, RU 22b, RA-C 790 10 0.8 20 25,813 
      
Pond 10S, RU 22b, 
RA-C 



390 10 1 20 32,267 



      
Pond 2S, RU 22b, RA-C 100 10 0.8 20 25,813 
      
Pond 8S Material, 
RU 13, RA-C 



60 0.25 3.6 23 66,630 



      
Pond 1S, RU 22b, RA-C 30 1 0.5 20 16,133 
      
Railroad swale, RU 22b, 
RA-C 



10 1 2.4 14 54,208 



      
Piping in RUs 1, 2, 3, 8, 
12, 13, 22b, 24 



3-30 Up to 100 –c,d 10 –d 



 
a Rough estimate based on simple geometric calculation: area × depth to native soil. 
 
b Since Table 2-1 was published (in MWH 2010), FMC has removed 20 to 40 ft of slag 



from the top of the slag pile to other areas at the site.  
 
c In contrast to this concentration, Appendix B of the Supplemental FS reports a percent 



concentration ranging from 75% to 95%. 
 
d A dash indicates not applicable (i.e., there is no area or fill associated with piping). 
 
Source: Table 2-1 in the Supplemental FS (MWH 2010). 
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FIGURE 2-2 Estimated Mass and Concentrations of P4 Present at the 
FMC OU 



 
 
 Section 4.2 of the Supplemental RI (FMC 2009) describes the P4 operations in RU 1 and 
RU 2 and the locations of P4 sumps and tanks. The CSM for the Furnace Building vicinity 
assumes that warm, liquid P4 migrated downward from the sumps and tanks (Figures 2-3 and 
2-4). Figures in various FMC documents show a circular area in RU 1 and RU 2 labeled the 
44°C isotherm. A temperature of 44°C is the melting point of P4. It is not clear from the 
available information whether the mapped isotherm is current or historical, surficial or to depth, 
or measured or theoretical. The CSM description states that the P4 migrated through the 
approximately 80- to 85-ft vadose zone as a liquid to the capillary fringe and moved along the 
capillary fringe in the direction of groundwater flow (to the northeast). 
 
 A different aspect of the CSM for the deep Furnace Building P4 is the possibility of an 
injection well(s) used to dispose of impure or excess pure P4. On the basis of discussions at the 
September 21, 2015, meeting at the Fort Hall Tribal Business Council, the injection well was 
said to be at the west end of the Furnace Building and was used to dispose of P4 waste near the 
water table. The piping was warmed by circulating hot water through a double casing to prevent 
clogging. Some of the P4 was pure but was excess once the railcars were full. This practice 
continued until the early 1990s when the well was hidden by a slab of concrete. An online 
database of wells was searched for a possible injection well(s) at the west end of the Furnace 
Building (Idaho Department of Water Resources 2015); however, the data in this source are only 
as recent as 1992, so the existence of an older injection well could not be confirmed.  
 
  



10,870.00 



7,500.00 



Estimated mass of P4 (18,370 tons)



Historical ponds and RR Swale,P4 concentration 0.25 to 20%



Railcars, piping and capillary fringe, P4  concentration > 20%
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 It is possible that P4 beneath the Furnace Building is present due to both the use of an 
injection well and the infiltration of P4 leaked from sumps and tanks. The former would explain 
the deep P4 observed in several boreholes (described below); the latter would explain any P4 in 
the thick unsaturated zone and also possibly the deep P4.  



Only sparse site characterization data are available to indicate where the P4 is and is not. 
Its distribution vertically and laterally is not well defined. The soil borings that were completed 
for the Supplemental RI were done to define the future cap boundary for RU 1 (Figure 2-3), and 
the drilling and sampling plan seemed to address areas far from where P4 would be expected. 
Three borings encountered P4 northeast (hydraulically downgradient) of the RU 1 and RU 2 area 
and were quickly abandoned once the P4 was detected. On the basis of this precedence, it is 
difficult to propose field activities (using conventional investigation techniques and routine 
health and safety protocols) that would require any drilling or sampling of subsurface materials 
that could potentially contain P4. There are obvious worker safety issues connected with 
collecting split spoon samples or having auger cuttings that reach the surface.  
 
 



 



FIGURE 2-3 Characterization Data for P4 near the Furnace Building (Source: FMC 2009, 
Figure 4-1) 
 
 











 



14 



 Of the soil borings drilled in RU 1 and RU 2 (Figures 2-3 and 2-4), Borings 004, 004a, 
and 005 encountered P4, each at about 80 ft deep. This location is just above the saturated zone 
according to equipotential contour maps. According to the drilling logs, the conditions at various 
depths in the thick unsaturated zone above the P4 ranged from dry to slightly moist to moist. The 
unsaturated zone at the three holes was logged as being of various textures of silt/sand/gravel, 
consistent with alluvial deposition. Split spoon samples collected at 10-ft intervals suggest silt 
with fine sand, fine-to-coarse sand with gravel, and fine-to-coarse sandy fine and coarse gravel, 
respectively, in the final sample collected at each borehole. 
 
 The CSM for the Furnace Building vicinity therefore includes P4 in two subsurface zones 
(Figure 2-4):  
 



1. In the unsaturated zone (ignore the perfectly shaped impact zones in the 
figure), which is completely uncharacterized; and 



 
2. In the capillary fringe, which is characterized only by three soil borings and is 



completely unbounded. 
 
 



 



FIGURE 2-4 Plan View and Simplified Representation of P4 in the Subsurface 
(Source: FMC 2009, Figure 4-2) 
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 The characterization of the P4 in the Furnace Building vicinity was minimal. 
Conceptually, the Supplemental RI (FMC 2009) depicts molten P4 in Furnace Building tanks and 
sumps as traveling vertically downward approximately 80 ft to the water table. There the P4 
traveled in the capillary fringe zone, presumably in the northeasterly direction of the hydraulic 
gradient of the groundwater. 
 
 The melting point of P4 is 44°C. Since molten slag was periodically tapped from the 
electric arc furnaces and drained to a slag pit, any P4 that escaped from the Furnace Building was 
probably warmer than the melting point of P4 (FMC 2009). To add to the CSM, any liquid P4 in 
the thick unsaturated zone would have traveled downward through the alluvial sediments, 
consuming residual oxygen (if any) in the void spaces through exothermic reaction. It would 
have cooled along its vertical pathway, losing heat to the sediments, but it would have still been 
a liquid above 44°C when it reached the capillary fringe. There it would have flowed 
northeastward based on the groundwater’s hydraulic gradient. In the capillary fringe zone, the 
P4 would have lost heat more rapidly to both the sediments and especially to the groundwater, 
generating steam if the temperature was above 100°C. Alternatively, the P4 could have been 
released near the water table by a heated injection well system. It is possible that both transport 
mechanisms could have been in effect. In either case, the P4 may have built up as a mass or 
“blob” of an unknown thickness as it flowed and cooled to a waxy solid, filling the void spaces 
in the sediments. The extent of the blob is estimated only by evidence of smoking augers from 
three soil borings (Figure 2-4). The distribution of the P4 in the 80-ft-thick unsaturated zone is 
largely uncharacterized and unknown. The 44°C isotherm was modeled by investigators 
(FMC 2009). The depiction of P4 subsurface presence and migration in Figure 2-4 is based on 
that model. The absence of good information about the presence of P4 in the subsurface makes 
evaluating bench-scale, pilot-scale, and certainly full-scale in situ ETTs difficult. Bench- and 
pilot-scale testing for in situ ETTs is essential, as discussed in Section 5.1. As important as such 
testing is for the evaluation of ETTs, bench- and pilot-scale testing is also needed to better 
understand how P4 has behaved in the subsurface. As discussed in Section 6.2, some 
understanding of the specific retention of P4 in the subsurface is needed before pilot- or bench-
scale ETT studies can be planned. 
 
 
2.3 REGULATORY BACKGROUND FOR THE EVALUATION OF ETTS 
 
 The former FMC plant is regulated under both RCRA, as amended, and CERCLA, as 
amended.1 P4 waste is present at the former FMC plant in waste disposal units that are being 
managed under RCRA post-closure plans. P4 waste is also present in portions of the plant that 
were not regulated under RCRA (hereinafter called non-RCRA areas) that are regulated under 
CERCLA, as amended. This independent review did not focus on the closed disposal sites that 



                                                 
1 RCRA regulation of process wastes from the beneficiation of minerals and ores is affected by the Bevill 



amendments and exemptions. The Bevill exemption for waste generated during the production of P4, except 
furnace off-gas solids, ended on March 3, 1990. The exemption for furnace off-gas solids ended on July 23, 1990. 
Upon the lifting of the Bevill exemption, beneficiation wastes that were hazardous waste were subject to RCRA 
regulation. Exempt wastes disposed of prior to the lifting of the Bevill exemption would not be subject to RCRA 
(provided they are not subsequently managed in a way that triggers RCRA) but can be and are being addressed 
under CERCLA. See http://www3.epa.gov/epawaste/nonhaz/industrial/special/ for details. 
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are regulated under RCRA post-closure plans. In some cases, the closed RCRA units are on top 
of or adjacent to the non-RCRA areas (Figure 2-5). The Review Team did not evaluate whether 
or not the proximity of the non-RCRA areas to the closed disposal sites regulated under RCRA 
would affect the ability to implement the ex situ ETTs discussed in this independent review. 
 
 
2.4 INTERIM RECORD OF DECISION AMENDMENT AND CLEANUP PLAN 
 
 In September 2012, EPA Region 10 released the Interim Record of Decision Amendment 
(IRODA) for the EMF Superfund Site FMC OU (EPA Region 10 2012a). The IRODA represents 
the current plan for remediation of the FMC OU. This plan focuses on elemental phosphorus, 
metals, and radiation in soils, fill, and groundwater. The IRODA is summarized here because 
some of the proposed remedial actions, including the groundwater pump and treat (P&T) system, 
informed the way the Review Team performed the evaluation of ETTs. The IRODA calls for 
placing an engineered cap over contaminated soils to protect human health and the environment. 
The cap is designed to prevent rain and melting snow from filtering through the contaminated 
areas and polluting the groundwater below. The plan also requires treatment to clean the 
groundwater before it reaches local springs or the Portneuf River. The EPA indicates that the 
remediation plan was developed after careful consideration of extensive comments that it 
received during the public comment period on the September 2011 Proposed IRODA Plan 
(EPA Region 10 2011). 
 
 The 2012 IRODA (EPA Region 10 2012a) includes the following remedial actions: 
 



• Installing a protective cap to provide a barrier to underlying contamination 
and to prevent water from moving through the contamination and polluting 
the groundwater; 



 
• Adding about 12 in. of soil over some areas to prevent exposure to radiation 



from polluted areas; 
 



• Cleaning elemental phosphorus from underground concrete pipes; 
 



• Installing a groundwater extraction and treatment system to keep pollution 
from local springs and the Portneuf River; 



 
• Installing barriers, such as additional fencing, after the caps are constructed to 



further limit site access; 
 



• Placing restrictions on future site use and prohibiting some activities, such as 
digging in capped areas and using contaminated groundwater; and 



 
• Developing and implementing a long-term monitoring and maintenance 



program for the groundwater treatment system, caps, and other barriers. 
 











 
 



17 



 



 



 



FIGURE 2-5 RCRA and CERCLA Disposal Sites (Source: FMC 2009, Figure 5) 
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 Additional alternatives previously screened and considered by EPA may be reviewed by 
examining the IRODA (EPA Region 10 2012a). 
 
 The EPA indicated in its fact sheet released in October 2010 (EPA Region 10 2012b) 
that:  
 



This cleanup plan, details work for the former FMC plant that was not included in 
the original 1998 Record of Decision. Once the groundwater treatment system is 
in operation, predictions on how long it will take to meet our goals and whether 
changes are required to ensure cleanup goals are met can be more accurately 
determined. In addition, EPA has not yet determined if the recently adopted 
Shoshone-Bannock Tribal Soil Cleanup Standards apply to the cleanup. For these 
reasons, this plan is considered “interim” and a “final” cleanup plan will be 
developed in the future. 



 
 As of the date of writing of this report, Argonne believes that the EPA has not yet 
determined how to address the Shoshone-Bannock Tribal Soil Cleanup Standards. These cleanup 
standards are further addressed in Section 2.5 of this report. 
 
 Background information and the Superfund process flowchart for the FMC property, 
taken from the 2012 EPA fact sheet, are shown in Figure 2-6 (EPA Region 10 2012b). 
 
 
2.5 APPLICABLE REGULATORY CRITERIA AND CLEANUP LEVELS  
 
 
2.5.1 Principal Threat Waste at the FMC OU 
 
 On the basis of the assumption that soil and debris that contain P4 at the FMC OU could 
be subject to some form of active remediation (as opposed to cap and cover), several different 
types of cleanup criteria would be applicable. First, note that according to the IRODA, the EPA 
considers P4 to be the principal threat waste at the FMC OU (EPA Region 10 2012a): 
 



EPA has identified elemental phosphorus existing in concentrations exceeding 
1,000 parts per million (ppm) in soil as a source material and principal threat 
waste at the FMC OU, because it will present a significant risk to human health 
and the environment should exposure occur. The National Contingency Plan 
(NCP) establishes an expectation that EPA will use treatment to address the 
principal threats posed by contaminants at a site wherever practicable 
(NCP Section 300.430(a)(1)(iii)(A)). 



 
Principal threat wastes are those source materials considered to be highly toxic or 
highly mobile that generally cannot be reliably contained or would present a 
significant risk to human health or the environment should exposure occur. EPA’s 
decision to treat these wastes is made on a site specific basis through a detailed 
analysis of the alternatives using the nine remedy selection criteria. 
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FIGURE 2-6 Project Background and Superfund Process Flow Chart 
(Source: EPA Region 10 2012b) 
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Elemental phosphorus is a RCRA ignitable and reactive waste and is also a 
principal threat waste that has physical properties unlike most contaminants of 
concern (COC) encountered in environmental response actions. Because of its 
unique properties, managing elemental phosphorus requires special handling 
techniques not only for routine handling but also for emergency response. 



 
It is clear from this statement that P4 — and presumably soil and debris containing P4 — are 
considered to be a RCRA ignitable and reactive waste, meaning that soil and debris containing 
significant amounts of P4, once exhumed, would exhibit the RCRA characteristics of ignitability 
and reactivity, and possibly also the RCRA toxicity characteristic. These RCRA hazardous waste 
characteristics are described next. 
 
 
2.5.2 RCRA Hazardous Waste Characteristics 
 
 Several of the RCRA hazardous waste characteristics are regulatory criteria that would be 
applicable to any form of active remediation being done by using an ETT at the FMC OU. These 
include the RCRA characteristics of ignitability, reactivity, and toxicity. 
 
 



2.5.2.1 Ignitability Characteristic (40 CFR 261.21) 
 
 With regard to the RCRA characteristic of ignitability, ignitable waste is defined as 
follows (the following list is directly quoted from regulation): 
 



“1. It is a liquid other than an aqueous solution containing less than 24 percent alcohol by 
volume and has flash point less than 60°C (140°F), as determined by a Pensky-
Martens Closed Cup Tester, using the test method specified in ASTM Standard 
D 93-79 or D 93-80 (incorporated by reference, see § 260.11), or a Setaflash Closed 
Cup Tester, using the test method specified in ASTM Standard D 3278-78 
(incorporated by reference, see § 260.11). 



 
2. It is not a liquid and is capable, under standard temperature and pressure, of causing 



fire through friction, absorption of moisture, or spontaneous chemical changes; and, 
when ignited, burns so vigorously and persistently that it creates a hazard. 



 
3. It is an ignitable compressed gas. 



 
4. It is an oxidizer. An oxidizer for the purpose of this subchapter is a substance such as 



a chlorate, permanganate, inorganic peroxide, or a nitrate, that yields oxygen readily 
to stimulate the combustion of organic matter (see Note 4).” 



 
 Because P4 is not a liquid at standard temperature and pressure, it would not meet the 
first criterion listed above. However, it would be considered ignitable under the second criterion. 
Not all soil and debris containing P4 would meet the RCRA ignitability characteristic, however, 
because there would be a concentration of P4 in the soil and debris below which the soil and 
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debris would not necessarily be ignitable. Argonne interprets the 2012 IRODA statement that 
“EPA has identified elemental phosphorus existing in concentrations exceeding 1,000 parts per 
million (ppm) in soil as a source material and principal threat waste” as the concentration cutoff 
for what would be a RCRA ignitability characteristic hazardous waste. In other words, soil and 
debris containing P4 at a concentration equal to or above 1,000 ppm/kg (i.e., 1,000 mg/kg) would 
be considered ignitable. It then follows that soil and debris treated either to remove P4 to below 
this level or to alter the form of P4 so that it would no longer be ignitable would also render the 
soil/debris nonignitable. 
 
 



2.5.2.2 Reactivity Characteristic (40 CFR 261.23) 
 
 Similarly, exhumed soil and debris containing P4 above a certain level or activity at the 
FMC site would also meet the RCRA characteristic of reactivity. According to the RCRA 
reactivity characteristic, soil or debris would be reactive if one or all of the following were true 
(the following list is directly quoted from regulation): 
 



“…1. It is normally unstable and readily undergoes violent change without 
detonating. 



 
2. It reacts violently with water. 



 
3. It forms potentially explosive mixtures with water. 



 
4. When mixed with water, it generates toxic gases, vapors, or fumes in a 



quantity sufficient to present a danger to human health or the environment. 
 



5. It is a cyanide- or sulfide-bearing waste, which, when exposed to pH 
conditions between 2 and 12.5, can generate toxic gases, vapors or fumes in a 
quantity sufficient to present a danger to human health or the environment. 



 
6. It is capable of detonation or explosive reaction if it is subjected to a strong 



initiating source or if heated under confinement. 
 



7. It is readily capable of detonation or explosive decomposition or reaction at 
standard temperature and pressure. 



 
8. It is a forbidden explosive as defined in 49 CFR 173.54, or is a Division 1.1, 



1.2, or 1.3 explosive as defined in 49 CFR 173.50 and 173.53.  
 
(b) A solid waste that exhibits the characteristic of reactivity has the EPA 



Hazardous Waste Number of D003.”  
 
 The propensity of P4 to spontaneously smoke and ignite, as well as evolve phosphine and 
other toxic gases, would cause soil and debris containing P4 to meet the RCRA reactivity 
characteristic. As is the case for the RCRA ignitability characteristic, there is a level or 
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concentration of P4 in soil and debris that would be low enough so that soil and debris would not 
smoke or ignite or so that amounts of phosphine or other toxic gases would not evolve to a 
significant degree. Soil and debris containing P4 below this level would be considered 
nonreactive under the RCRA definition. As is the case for the RCRA ignitability characteristic, 
Argonne interprets the 2012 IRODA statement that “EPA has identified elemental phosphorus 
existing in concentrations exceeding 1,000 parts per million (ppm) in soil as a source material 
and principal threat waste” as the concentration cutoff for what would be a RCRA reactive 
characteristic hazardous waste. In other words, soil and debris containing P4 at a concentration 
equal to or above 1,000 ppm (i.e., 1,000 mg/kg) would be considered reactive. It then follows 
that soil and debris treated either to remove P4 to below this level or to alter the form of P4 so 
that it is no longer reactive would also render the soil/debris nonreactive. 
 
 Argonne therefore presumes that soil or debris exhumed from the FMC OU that contains 
P4 in concentrations equal to or greater than 1,000 mg/kg would meet the RCRA characteristics 
of ignitability and reactivity. 
 



Argonne notes that EPA has not established a minimum P4 level in wastes to define 
whether or not such wastes would meet the RCRA ignitability or reactivity characteristic criteria. 
Argonne’s connection of the IRODA’s definition of a CERCLA Principal Threat Waste (a P4 
concentration exceeding 1,000 mg/kg) is made in an attempt to establish a concentration for 
P4 in waste that would define that waste as RCRA ignitable and RCRA reactive. This is 
necessary because, if the P4 contaminated soil and debris at the FMC OU is to be actively 
remediated, a de facto definition of what would be considered the cutoff for ignitability and 
reactivity specifically addressing P4 content is needed. In addition, the RCRA LDRs for these 
characteristics, which specify a “deactivation” treatment requirement, would need to be satisfied, 
unless, as indicated above, EPA elects to waive these requirements through one of the statutory 
applicable or relevant and appropriate requirement (ARAR) waiver approaches. 
 



The RCRA consent decree required FMC to treat the P4-contaminated wastes by 
“permanently and irreversibly bonding the waste into the molecular structure of a solid product 
such that the treated waste will not undergo changes that cause it to release toxic gases in 
concentrations greater than 0.3 ppm phosphine or 10.0 ppm hydrogen cyanide, or leach heavy 
metals in concentrations greater than applicable LDR Universal Treatment Standards.” These 
treatment requirements, as laid out in the RCRA consent decree, are insufficient as a definitive 
cutoff for P4 content and the RCRA characteristics of ignitability and reactivity. Simply defining 
phosphine and hydrogen cyanide emissions is inadequate as a measure of reactivity. These 
emissions are a function of many different variables, including temperature, atmospheric 
pressure, and soil moisture content, just to name a few; more important, however, these 
properties do not address ignitability. A more definitive definition is needed, preferably one that 
is quantitative as well as readily straightforward to implement (i.e., a simple analytical method). 
A simple concentration cutoff of P4 within wastes that may be exhumed is most desirable. 
Should the FMC OU be actively remediated at some point in the future, Argonne’s connection of 
the IRODA’s definition of a CERCLA Principal Threat Waste (a P4 concentration exceeding 
1,000 mg/kg) to the RCRA ignitability and reactivity characteristics may be considered an 
interim starting point in the eventual establishment of a cutoff for P4 content for RCRA 
ignitability and reactivity (EPA 1999). 
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2.5.2.3 Toxicity Characteristic (40 CFR 261.24) 
 
 Since soil and debris at the FMC OU are also known to contain heavy metals, the soil and 
debris that are exhumed from the OU may also meet the RCRA toxicity characteristic. For this 
characteristic, a leaching test known as the toxicity characteristic leaching procedure (TCLP) is 
used to determine whether heavy metals and some toxic organic compounds could leach from a 
waste at levels above the specified concentrations. It is possible that some of the soil and debris 
at the FMC OU could exhibit the RCRA toxicity characteristic. 
 
 
2.5.3 LDR Treatment Standards (40 CFR Part 268) 
 
 RCRA LDRs for waste, soil, and debris (hereinafter “P4 waste”) meeting the ignitability 
or reactivity characteristics require that the treatment standard called “deactivation” be applied so 
that the P4 waste is rendered no longer ignitable or reactive. The premise behind the LDR 
treatment requirements for these RCRA characteristics is that P4 waste would still pose a hazard 
if it had one or more characteristics and was disposed of on land, even if the P4 waste was placed 
in a properly designed, operated, and permitted hazardous waste landfill. Hence, under the LDR 
program, P4 waste that meets a RCRA characteristic would not be permitted to be land-disposed. 
Treatment would be required to “decharacterize” the P4 waste. For P4 waste exhumed from the 
FMC OU, Argonne presumes that treatment would need to meet the 1,000-mg/kg requirement to 
achieve deactivation for the characteristics of ignitability and reactivity. 
 
 The P4 waste soil and debris maintained below the ground surface that contained 
P4 above levels that would classify them as RCRA ignitable or reactive (if exhumed) would 
retain their reactive or ignitable characteristic. The P4 waste that stayed buried and was not 
exposed to air or oxidizing conditions in general would retain its ignitable and reactive 
properties. 
 
 In addition to removing the hazardous properties of wastes that cause them to meet a 
RCRA characteristic, the LDRs for characteristic wastes also require treatment to meet universal 
treatment standards for “underlying constituents.” Underlying constituents in this case would 
include heavy metals. The P4 waste throughout the FMC site would likely require additional 
treatment to meet the LDR underlying constituents requirement for some of these heavy metals, 
even if it did not exhibit the RCRA toxicity characteristic. 
 
 Hence, P4 waste at FMC treated to remove the characteristics of ignitability and 
reactivity would require further treatment to satisfy the LDR requirements for underlying 
constituents. Before the LDR treatment plant constructed at the FMC site closed in 2001, it 
included a stabilization treatment process (encapsulation in a cement mixture) that was used after 
the removal of P4 in order to satisfy the LDR requirement for underlying constituents for heavy 
metals. This technology, or a similar technology, could be applied as part of the remediation, if 
needed, to address heavy metals and radionuclides (although radionuclides are not regulated 
under RCRA). However, regulations under RCRA’s hazardous waste site cleanup program allow 
alternatives to be used for further treatment, as discussed next. 
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2.5.4 RCRA Corrective Action (Cleanup) Requirements and CERCLA Cleanup 
 
 Under RCRA corrective action requirements for cleanup of hazardous waste sites 
(40 CFR 264, Subpart F), facilities have the option, with regulatory approval, to consolidate 
wastes on site in a corrective action management unit (CAMU). Disposal of contaminated media 
in the on-site CAMU may be done under a reduced set of requirements (for example, without 
meeting LDRs) if such disposal can be shown to be protective of human health and the 
environment. Most CAMUs are, in essence, landfills and may require liners, caps, and 
groundwater monitoring, but the option of not needing to meet LDRs for underlying constituents 
(assuming the remedy could be shown to be protective of human health and the environment) is 
potentially applicable to the FMC OU if it were to employ a CAMU. Although the EPA may be 
reluctant to waive the requirement to decharacterize soil and debris exhumed from the site for 
ignitability or reactivity, it may be amenable to allowing soil and debris to be managed in a 
CAMU, but, again, only if it could be shown that doing so would remain protective of human 
health and the environment. 
 
 The FMC site is regulated under both RCRA and CERCLA. The CERCLA FMC OU 
does not include the portion of the site regulated by RCRA post-closure plans, the so-called 
“RCRA ponds.” However, the CAMU option may be brought in to the CERCLA action through 
ARARs. Management of remediation wastes at a CERCLA site may be conducted in a CERCLA 
land disposal unit that is “CAMU-like.” In other words, soil and debris that do not meet some or 
all LDR requirements for underlying constituents would be able to be managed in a CERCLA 
land disposal unit as part of an overall remedy, as long as it met CERCLA requirements and was 
approved by the regulator. 
 
 
2.5.5 Soil Remediation Levels 
 
 The LDR deactivation requirements for the RCRA characteristics of ignitability and 
reactivity, and potentially for underlying hazardous constituents, are not the only treatment 
standards that may be applicable to soil and debris at the FMC OU. Another type of criterion that 
may be applicable to the FMC site is soil remediation level. EPA Region 10 published a set of 
soil remediation levels in the IRODA (EPA Region 10 2012a; see Table 9 on page 242). The 
levels are provided in Table 2-2. Footnote (c) to the table indicates that there are currently no soil 
remediation levels for phosphorus or elemental phosphorus in soils. 
 
 The EPA has established extensive cleanup programs under RCRA and CERCLA, and 
cleanup levels for contaminants in various environmental media have been established, in some 
cases by EPA Headquarters and some EPA regions. These types of levels have been known by 
many names and acronyms over the years. EPA Regions 3 and 9 have established regional 
screening levels that can serve as the basis for the development of cleanup levels. These levels 
are identified as regional screening levels (RSLs). These are human health-based target levels for 
hazardous waste site cleanups, and they have the potential to be applied at both RCRA and 
CERCLA sites within the regions. These “targets” may then be adjusted either up or down to 
address site-specific conditions including environmental sensitivity (e.g., endangered species). 
Also, these target cleanup levels are typically available for both residential areas and for 
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TABLE 2-2 Contaminants of Concern in Soil and 
Cleanup Levels for Risk Drivers for the FMC OU 



 
Contaminants of Concern Units 



Cleanup Levels 
Industriala,b 



   
Antimony mg/kg 150 
Arsenic mg/kg  
Beryllium mg/kg  
Boron mg/kg  
Cadmium mg/kg 39 
Fluoride mg/kg 49,000 
Gross alpha pCi/gd  
Gross beta pCi/gd  
Lead-210 pCi/g  
Manganese mg/kg  
Mercury mg/kg  
Nickel mg/kg  
Phosphorus (elemental)c mg/kg – 
Polonium-210 pCi/g  
Potassium-40 pCi/g  
Radium-226 pCi/gd 3.8 
Radon pCi/gd,e  
Selenium mg/kg  
Silver mg/kg  
Thallium mg/kg  
Thorium-230 pCi/g  
Uranium-238 mg/kg  
Vanadium mg/kg  
Zinc mg/kg  
 
a Cleanup levels are provided for COCs associated with worker 



risk at the former operations area or Northern Properties. 
 
b The cleanup level cited is the lower cleanup between the 



outdoor/commercial/industrial worker and construction 
worker preliminary remediation goal (PRG) from the 
Supplemental FS Work Plan. 



 
c There are currently no soil remediation levels for phosphorus 



or elemental phosphorus in soils. 
 
d Individual radionuclides potentially responsible for elevated 



gross alpha and beta levels are also COCs. 
 
e Retained as a COC mainly for evaluation of potential radon 



infiltration into buildings under alternate future commercial or 
industrial uses of the site. 



 
Source: Table 9 in the IRODA (EPA Region 10 2012a). 
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industrial areas, with those for residential areas being more stringent (i.e., having lower target 
concentrations). Although these standards were developed by only some EPA regions, other EPA 
regions regularly refer to them during cleanups. 
 
 As indicated on its website, EPA Region 9 established an RSL for P4; it is 1.6 mg/kg for 
residential areas and 23 mg/kg for industrial areas (EPA Region 9 2015). 
 
 As can be seen, the human health-based RSLs for P4 are probably lower than the levels 
below which the waste would be considered to meet a RCRA ignitability or reactivity 
characteristic. Therefore, the FMC OU site, once cleaned up, would likely be considered for a 
future industrial site rather than a future residential area. Hence, and assuming that active 
remediation of the FMC OU site would be considered further, the 23-mg/kg cleanup requirement 
for P4 could be considered the starting point for developing a soil remediation goal for P4 at the 
site. 
 
 It should be noted, however, that EPA Headquarters and the EPA regions (collectively) 
as well as individual EPA regions often have different policies and procedures. Hence, EPA 
Region 3 and 9 RSLs may not be accepted by other EPA regions, including Region 10 in which 
the FMC site is located. Nevertheless, the RSL for P4 would be a “To Be Considered” but not an 
ARAR under CERCLA since RSLs are not standards, requirements, criteria, or limitations under 
federal or state environmental law. 
 
 



2.5.5.1 Shoshone-Bannock Tribes Soil Remediation Levels 
 
 In addition to these types of levels established by the EPA, other governmental 
organizations may have also established cleanup levels for hazardous waste sites. As indicated in 
the IRODA (EPA Region 10 2012a), “EPA is initiating remedial actions under an Interim ROD 
Amendment because of uncertainties regarding the timeframe for groundwater cleanup and the 
uncertain status of December 2010 Soil Cleanup Standards by the Shoshone-Bannock Tribes as 
Applicable or Relevant and Appropriate Requirements (ARAR) under CERCLA.” The Tribes’ 
Soil Cleanup Standards (SCSs) may be examined at http://www.sbtribes-ewmp.com/ 
EWMP_Soil_Cleanup_Standards_Contaminated_Prop.html (Shoshone-Bannock Tribes 2010). 
 
 The IRODA (EPA Region 10 2012a) further states: 
 



Hence, in December 2010, the Tribes promulgated stringent SCS that require, 
among other things, excavation and/or treatment of all buried elemental 
phosphorus on the Fort Hall Reservation. Among the Tribes’ stated goals in 
promulgating the SCS is restoring all land within the Reservation to its original 
state prior to the contamination that the standards are designed to address. This 
selected interim amended remedy does not meet these standards. However, 
because of the interim nature of this action, ARARs do not have to be met at this 
time. EPA is evaluating the Tribes’ standards to determine whether these 
regulations may be ARARs. This evaluation will require careful federal review to 
determine whether these unique and potentially precedential SCS should be fully 
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evaluated prior to a decision as to whether all or a part of the SCS are ARARs. 
CERCLA requires that ARARs must be met or waived upon completion of 
remedial action. At the time that EPA selects a final remedy, EPA will more 
definitively address groundwater restoration within a reasonable restoration 
timeframe, will determine whether all or a part of the Tribal SCS are ARARs, and 
will if necessary determine the applicability of the ARAR waiver provisions in 
§121(d)(4) of CERCLA. EPA will consult with the Tribes on the selection of the 
final remedy, including consideration of any proposed waiver or waivers. 



 
 It is clear that in some cases the Shoshone-Bannock Tribes’ cleanup standard for P4 in 
soil would entail complete removal, which typically is interpreted to entail removal to the extent 
that no contaminant that is detectable when using validated and approved analytical techniques. 
However, the SCS specifically provides in §1.1 that “The Tribes recognize, however, that there 
are situations where use of Commercial/Industrial Cleanup Standards rather than Unrestricted 
Use standards may be appropriate, or where attainment of the Cleanup Standards may be 
technically impracticable.” The Tribes also specify, however, that “The SCS do require soils that 
exhibit the characteristics of ignitability or reactivity to be treated to eliminate those 
characteristics, or else the soils must be removed from the site (Part 4).” Hence, it appears that 
the Tribes’ SCS would permit application of a cleanup standard other than complete removal of 
P4, as long as the remaining media would no longer exhibit the RCRA characteristics of 
ignitability and reactivity. This would entail developing a set of criteria that would establish a 
de facto definition of RCRA ignitability and reactivity, specifically due to P4 content, as well as 
an alternate numerical cleanup standard for media that contains P4 below RCRA ignitability and 
reactivity characteristic levels. 
 
 
2.5.6 Occupational Safety and Health Administration Requirements (29 CFR Part 1910) 
 
 Compliance with Occupational Safety and Health Act (OSHA) requirements is an 
important part of any hazardous waste site cleanup. Concerns for worker exposure during active 
remediation efforts in Remedial Action (RA) units where hazards are understood (e.g., RA units 
such as the historical ponds where process knowledge can be used to establish site worker risks) 
would be no greater than those for exposure during the original industrial processes for 
producing, packaging, and transporting P4, and for managing soil and debris created as a result. 
For those RA units where process knowledge is absent and where the CSM is not refined, there 
would be greater site worker risks. Nevertheless, appropriate engineering controls and PPE can 
be used to control worker exposure during remediation activities, in compliance with worker 
protection regulations under OSHA. Where site worker risks are not well understood (e.g., if 
subsurface samples potentially containing P4 are collected during any future CSM refinement 
activities), unknown hazards would need to be addressed accordingly with conservatively safe 
PPE, monitoring, and sampling approaches to comply with OSHA.  
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2.5.7 Other Criteria or Standards of Note 
 
 The extensive literature review conducted by Argonne for this project is described in 
Chapter 3.7 of this report. The literature review revealed that other criteria have been applied for 
other P4 cleanup projects in the United States. Two of these are summarized below. 
 



• Miamisburg, Ohio. In 1986 in Miamisburg, a tanker car containing 40,000 L 
of liquid P4 (45°C) derailed and burst into flames next to a stream feeding the 
Great Miami River, which leads to the Ohio River (Scoville et al. 1989). Most 
of the contaminated stream sediment was removed and treated by exposing 
the sediment on open-air asphalt pads. The sediment was treated for 12 to 
24 hours — the amount of time required to reduce the P4 to less than 
10 mg/kg. At concentrations of less than 10 mg/kg, the material was not 
deemed to be ignitable (Walsh 2009). 



 
• Stauffer Chemical Site, Florida. The ROD for a CERCLA site outside Tarpon 



Springs, Florida, where P4 was produced from 1947 to 1981, indicates that 
site remediation took place to remove P4 contamination. Because the site was 
located near residential areas, a residential cleanup level (1.4 mg/kg) was 
applied. The removal operation was conducted under a tent, and the material 
that was removed was disposed of at a Monsanto site (EPA Region 4 2013). 



 
 
2.5.8 Applicable Regulatory Criteria and Cleanup Level Summary 
 
 In this document, Argonne has assumed that a treatment of soil and debris that would 
result in P4 levels below 1,000 ppm (mg/kg) would render the soil and debris nonignitable and 
nonreactive according to the RCRA definitions of ignitability and reactivity. However, an ETT 
might instead have to achieve a P4 cleanup level in soil as low as the EPA RSL of 23 mg/kg or 
as low as a cleanup level established by the Tribes. 
 
 The end state of the application of a suite of ETTs for active remediation of the FMC OU 
would be that all contaminated media no longer exhibit the RCRA characteristics of ignitability 
and reactivity, that P4 is removed to acceptable cleanup levels, and that RCRA LDRs are 
satisfied for heavy metals and other constituents, as appropriate. There are two possible 
exceptions to this suggested end state. First, and as allowed by CERCLA, EPA could, with 
adequate justification, choose to waive certain requirements through one of the statutory ARAR 
waiver approaches (http://www2.epa.gov/superfund/applicable-or-relevant-and-appropriate-
requirements-arars). This may be especially applicable to RCRA LDRs. Second, and as stated 
previously, the CSM would have to be improved to permit adequate understanding of heavy 
deposits of P4, such as that underlying the Furnace Building and that contained within the buried 
railcars. 
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3 TECHNICAL APPROACH 
 
 
3.1 OVERVIEW 
 
 The technical approach of the Review Team consisted of gathering information, 
conducting an analysis, and then assessing ETTs against agreed-upon review and evaluation 
parameters. Information gathering included a review of the literature, a site tour, a presentation 
by the Tribes, a response to Argonne-authored questions by both FMC and the Tribes, and 
telephone communications with state and federal regulators and the designers of ETTs. The 
Review Team then developed a list of ETTs with the potential to address waste containing P4 at 
the FMC OU site. The team narrowed that list down to a number of ETTs for detailed 
consideration. Finally, the team assessed the ETTs on that target list against the review and 
evaluation parameters. 
 
 
3.2 INFORMATION REVIEW AND ANALYSIS AND SITE TOUR, SEPTEMBER 2014 
 
 As a starting point, the Review Team examined the open literature and the information 
sources cited in the Work Order (Appendix A). Argonne staff were taken on a site tour of the 
FMC OU in September 2014. While in Pocatello, Idaho, for the site tour, the Argonne staff 
visited the Idaho State University Library’s Government Documents Repository located at 
850 South 9th Avenue in Pocatello. Sources of information were also gathered throughout the 
term of the project. Literature examined and cited is summarized in Section 3.7. 
 
 
3.3 SHOSHONE-BANNOCK TRIBES’ PRESENTATION, FEBRUARY 6, 2015 
 
 In addition to gathering information during the site visit, the Argonne staff members were 
given a presentation by the Tribes via teleconference on February 6, 2015. The content of the 
presentation, which is included in this report as Appendix C, is summarized here. The 
presentation described issues at the FMC site, covering a historical perspective, impacts on the 
environment, and an assessment of the technologies used to contain, treat, and monitor P4. 
ETT-related points highlighted at the time of the presentation included (1) the inadequacy of 
closing and capping the RCRA pond, as evidenced by the release of phosphine, hydrogen 
cyanide, and H2S that escaped from temperature monitoring points; (2) the inability to measure 
the release of P4-related gases that do occur; and (3) the lack of testing for ETTs due to reasons 
related to risk and economics. 
 
 
3.4 QUESTIONS DIRECTED TO SUBJECT MATTER EXPERTS AND STATE 



AND FEDERAL REGULATORS 
 
 Argonne directed a number of questions to FMC during the review process. The 
questions are included as Appendix D of this report. Appendix E has the FMC-generated 
responses to the questions. Appendix F contains the Tribes’ responses to the questions and their 
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comments on the FMC-generated responses. In addition, Argonne contacted and interviewed 
environmental regulators from the State of Idaho, from EPA Region 10, and from states where 
other P4 remediation operations had occurred or were ongoing. Several experts who had 
experience in P4 production, transportation, sale, reuse, and remediation were contacted by 
e-mail and, with their permission, interviewed. The experts who were interviewed will remain 
anonymous. Although Argonne gained a lot of information from these interviews, only 
information that could be corroborated from actual documentation was used in preparing this 
report. 
 
 
3.5 EXPANDED LITERATURE SEARCH  
 
 Argonne received approval to begin this project in April 2014. Although specific 
elements of the project, such as the evaluation parameters to be used for the ETTs, were still 
being negotiated among Argonne, the EPA, and the Tribes at that time, Argonne began a 
literature search that focused on the FMC site. Included in this search were the following: 
 



• The history of the FMC site, from startup in the 1940s to closure in 2001, 
including technologies employed during the P4 production process; 



 
• The history of the FMC site as it relates to the Superfund program, from 



listing in 1990 to the present time; 
 



• Regulatory actions that had occurred at the FMC site; 
 



• Environmental investigations that had been conducted at the FMC site;  
 



• Superfund decision documents (e.g., RODs) issued for the FMC site; 
 



• Similar documentation related to the neighboring J.R. Simplot site adjacent to 
the FMC site; 



 
• The general environment around the FMC site, including everything from 



climate to geology; 
 



• The structure of the Tribal, local, and State governments in and around the 
FMC site; 



 
• The natural history pertaining to the area in and around the FMC site; 



 
• The cultural history pertaining to the FMC site, especially as it relates to the 



Shoshone-Bannock Tribes; and 
 



• The history of public involvement in environmental matters pertaining to the 
FMC site. 
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 Argonne then expanded its review by focusing on technologies that might be employed to 
remediate P4 at the site, including planned technologies (i.e., cap and cover) and other 
technologies that could be employed, including more active technologies involving actual 
removal and treatment of the soil and debris containing P4. Argonne researched information 
about sites within the United States where P4 was known to be present and had been evaluated or 
remediated, including the following: 
 



• Monsanto Chemical Company (Solutia), Soda Springs, Idaho; 
 



• Rhodia, Inc., Silver Bow, Montana; 
 



• Stauffer Chemical Company, Tarpon Springs, Florida; 
 



• Exxon Mobil ElectroPhos Division, Mulberry, Florida; 
 



• Agrifos Nichols Plant, Nichols, Florida; 
 



• Stauffer Chemical Company (Rhone-Poulenc), Mt. Pleasant, Tennessee; 
 



• Monsanto Chemical Company, Columbia, Tennessee; and  
 



• Occidental Petroleum, Glenn Springs, Ducktown, Tennessee. 
 
 Argonne researched P4 handling sites within the United States where P4 was currently 
being evaluated or where remediation was ongoing. These included the Rhodia Silverbow RCRA 
Site in Montana. Argonne also identified U.S. sites where there had been emergency response 
incidents and where P4 might have been released and remediated, including the 
1986 Miamisburg, Ohio, train derailment and white phosphorous release. 
 
 Argonne also attempted to research the body of international literature for places where 
P4 might have been remediated in the past or where remediation was ongoing. Some information 
was available about the A&W America Limited phosphorus plant in Long Harbor, 
Newfoundland, Canada. Argonne also learned that at least one French contractor, Chiresa, had 
experience in dismantling tanks containing P4 (Chiresa AG 2008). There was also some 
information about several locations in Mexico where P4 was recovered or remediated, but there 
was no documentation in the open literature regarding any actions that were taken or results that 
were achieved. In general, however, information about P4 handling at international sites seems to 
be lacking in the open literature. 
 
 Argonne expanded its search further to determine ancillary information related to 
P4 remediation. The topics included the following: 
 



• What the potential is for the recovery of P4 for reuse or resale as a product (as 
opposed to remediation); 
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• How military organizations have approached the deactivation or recovery of 
P4 (white phosphorus, WP, Willie Peter) from obsolete munitions; and 



 
• How other industries deal with phosphorus or by-products that involve P4. 



 
 Argonne then researched other technologies that might have some application to the 
remediation or recovery of P4 at the FMC site. This effort covered not only remediation 
technologies but also technologies used in the chemical industry in general. 
 
 Overall, Argonne accessed hundreds of websites and reviewed many more than 
100 different publications that could have a bearing on the task. For a list of references cited in 
this report, please see Chapter 9. 
 
 
3.6 DRAFT, DRAFT FINAL, AND FINAL REVIEW AND EVALUATION 



PARAMETERS 
 
 Working with the EPA and the Tribes, Argonne proposed draft and draft final versions of 
the ETT review parameters from September 2014 to February 2015. The final version of the 
ETT review parameters and a description of each one were agreed upon on February 23, 2015 
(Table 3-1). 
 
 
3.7 PRESENTATION OF FINDINGS FROM THE DRAFT REPORT 
 



The Review Team submitted a draft version of the report to the Tribes and the EPA on 
September 8, 2015. The Review Team presented the results of key findings from the Draft report 
to the Fort Hall Business Council, in the Fort Hall Council Chambers on September 21, 2015. 
All members of the Review Team (listed in Chapter 1) participated in the presentation. The 
presentation was followed by a morning and afternoon question-and-answer session. A follow-up 
webinar presentation was also provided to representatives of EPA who could not attend the 
meeting in Fort Hall. The webinar meeting occurred on September 28, 2015. This meeting was 
attended by all members of the Review Team, representatives of the Tribes, and EPA staff 
members.  



 
 
3.8 RESPONSE TO COMMENTS AND THE FINAL REPORT 
 



On the basis of information presented at the Fort Hall Business Council meeting, the 
follow-up webinar meeting, and the content of the Draft report, the Tribes and EPA produced a 
series of comments. The Review Team responded to the comments by including a discussion 
and/or the actual language used to address the comments. The Tribes’ comments and Review 
Team responses can be found in Appendix G. The EPA comments and Review Team responses 
can be found in Appendix H. Also included is a summary of changes required during final 
review by Argonne’s editorial staff and Argonne’s technical content review staff (Appendix I). 
This Final version of the Independent Review report includes changes in the Draft version  
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TABLE 3-1 Description of ETT Review Parametersa 



 
ETT Review Parameter Description of Parameter 



 
Process maturity 



 
An assessment of the developmental phase of the ETT demonstrated at 
laboratory/pilot scale and ETT technologies that have been permitted 
or otherwise approved and used for P4. 



Limitations Factors that could constrain or preclude the implementation of the 
ETT, including, but not limited to, soil type, pH, moisture, cost, 
weather conditions, and the need for bench- and pilot-scale testing. 
Also any issues associated with off-site transportation and disposal of 
P4 material. 



Time to implement (not including 
permitting and approvals) 



Time to excavate and/or treat P4 in soil. 



Effectiveness of removing and/or treating 
P4 in soil 



The effectiveness in the short and long term of an ETT in removing the 
health hazards associated with P4 in soil; achieving soil screening 
levels for P4; or rendering P4 safe for the transportation of impacted 
soil to an off-site location for treatment and/or disposal. 



Process safety for site workers during 
implementation 



Health and safety impacts on site workers associated with the ETT 
during implementation. 



Community health and safety during 
implementation 



Health and safety impacts on the surrounding community associated 
with the ETT during implementation.  



Impacts to the environment during 
implementation 



Impacts to environmental media at the site, including soil, air, surface 
water, and groundwater associated with the ETT during 
implementation.  



Post-implementation impacts on the 
environment and the community 



Impacts to the community and to the environment associated with the 
ETT after implementation for example, in the case of on-site ETT, 
releases to air, surface water, and groundwater associated with 
treatment operations. In the case of a technology located off-site, 
nuisance and safety hazards associated with off-site shipment of waste. 



Overall discussion of advantages and 
disadvantages 



A summary in tabular format. 



 
a The Work Order directed the Review Team to not include CERCLA’s nine evaluation criteria, one of which is 



cost, as evaluation parameters. However, EPA and the Tribes agreed that cost could be included in the content of 
the review and evaluation parameter referred to as “Limitations.” 



 
 
needed to address the Tribes’ and EPA’s comments and to address editorial and technical issues 
noted in the Draft version. 



Cost as a limitation factor has been included to allow a rough order of magnitude (OOM) 
comparison with the ETTs evaluated. The net present value (NPV) cost of Alternatives 5 through 
7 in the September 2010 Proposed Plan (which included excavation and treatment) is an 
estimated $405 million to $950 million, based upon high and low volume estimate assumptions 
about the (largely uncharacterized) mass of subsurface P4 (EPA 2010). Since some ETTs also 
involve excavation followed by treatment, the NPV determined for Alternatives 5 through 7 
provides a comparable OOM estimate. 
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4 GUIDING PRINCIPLES FOR THE INDEPENDENT REVIEW AND THE 
IDENTIFICATION OF POTENTIALLY APPLICABLE ETTS 



 
 
 After examining the issues at the FMC OU and the regulatory history at the site over the 
years, removal or remedial actions that were taken at similar sites in the past, and potential ETTs 
that might be applied, Argonne identified a number of principles that influenced the way the 
independent review was performed. They are as follows: 
 



• It appears that technologies to safely excavate, size, create waste feed 
materials, and temporarily store P4 waste in preparation for treatment in a 
“downstream” ETT exist (hereinafter, these are called “ancillary 
technologies”). 



 
• Site worker safety issues associated with the implementation of any ex situ 



ETTs appear to be comparable to the site worker safety issues associated with 
the original manufacturing process for producing, packaging, and transporting 
P4 and managing P4 waste. Appropriate engineering controls and PPE can be 
used to control worker exposure during remediation activity in compliance 
with worker protection regulations under OSHA. 



 
• Any water requirements for ETTs (including water needs for ETT 



implementation and the potential for accentuating contaminant migration) can 
be addressed by modifications to the groundwater P&T system required in the 
IROD.2 



 
 Potential ETTs that could be implemented at the FMC OU were researched extensively. 
The research focused on P4 ETTs but also considered how to deal with heavy metals and 
radionuclides that might be present in significant amounts at various locations within the FMC 
OU. In addition, the Review Team examined ETTs that were in all stages of development and 
use, including ETTs in a conceptual, bench-, pilot-, or full-scale of development/use. The 
Review Team, recognizing that P4 and P4 by-products (post-treatment) have value, also 
examined recovery technologies. Landfill options were examined only insofar as they could be 
used to address residuals that remained after P4 was removed from soil and debris and/or treated 
to reduce its concentration to acceptable levels. 
 



While the FMC OU is a CERCLA cleanup site, the waste that may be produced as a 
result of active remediation at the site is subject to RCRA regulatory requirements. Wastes 
exhumed from the site become immediately subject to RCRA’s waste management 
requirements, as do facilities that may be used to treat or otherwise manage these wastes, and 
also residuals remaining if and when these wastes are treated in some fashion. As RCRA 
requirements are considered during the CERCLA ARAR process, it is imperative that RCRA 



                                                 
2 Water use would mainly be required to manage the risks associated with excavation (whether by mechanical or by 



hydraulic means). As a result, the removal of P4 waste and processing by ancillary technologies could proceed in 
phases dictated by water requirements (should water requirements be a limiting factor). 
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requirements are adequately addressed in determining management requirements for wastes that 
are exhumed from the site and also for waste treatment residuals. In addition, and as allowed by 
CERCLA, EPA could, with adequate justification, choose to waive certain requirements through 
one of the statutory ARAR waiver approaches (see http://www2.epa.gov/superfund/applicable-
or-relevant-and-appropriate-requirements-arars). Most notable of the RCRA requirements 
applicable to wastes that may be exhumed from the site and for treatment residuals are the 
RCRA LDR requirements, which are discussed frequently in this report. In accordance with 
these requirements, wastes determined to be hazardous must be treated in accordance with strict 
requirements before they can be land-disposed. RCRA LDRs and requirements for treatment, 
storage, and disposal facilities may be pertinent to some of the ETTs discussed in this report, in 
particular, those designed to remove the RCRA characteristics of ignitability and reactivity from 
the waste (i.e., address the P4) and also to address heavy metals that may be contained in 
remediation waste or in treatment residuals. 



 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered a reasonable potential for successfully and safely addressing the P4 waste. 
Only those technologies that made this cut are examined in detail in this report. The technologies 
were categorized into groups depending on their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 



• Ex situ treatment technologies, including both on and off site; and 
 



• Ex situ (off-site) disposal technologies. 
 
In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and the railcars warranted special consideration. Technologies addressing 
these special cases are also included. 
 



In reference to a key issue — whether P4 can be safety excavated — the Review Team 
arrived at different conclusions than other parties. On the basis of a review of information, it 
appears that a subset of the P4 waste present at the site can be safely excavated. There appears to 
be a history of sludge removal from the ponds at the FMC plant. The FMC response included in 
Appendix E of the Independent Design Review report includes several references to excavation. 
Appendix E describes both dredging and mechanical excavation activities involving Ponds 8s, 
8e, and 9e, as well as Ponds 15s and 18. Furthermore, the LDR WTS was designed to treat 
sludge dredged from Pond 8S. Pond 8s dredge was designed as a component of the LDR WTS. 
In an EPA-authored reference, reclamation processes consisting of excavating pond materials is 
described as having occurred at historical ponds 1s, 2s, 3s, 9s, 2e, and 4e (EPA 2003).  
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The excavation of P4 is also addressed at other P4 plants. The Clarifier Treatability Study 
Phase 3 Report on the Rhodia/Solvay Site, Silver Bow, Montana (which was not available when 
the IRODA was prepared) contains a description of the removal of clarifier sludge from the 
clarifier by use of a Cat 320 excavator (Franklin Engineering Group 2012). Also of interest is a 
description of mechanical excavation in the Phase 1 report on the same Rhodia/Solvay Clarifier. 
“Conventional earth working equipment, such as tracked excavators, back hoes, and clam shells, 
can be used to excavate the solidified sludge and transfer it to a shipping container or processing 
system. With careful operation, the phosphorus can be transferred with a water cover in the 
bucket to minimize mass burning” (Franklin Engineering Group 2007). 
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5 POTENTIALLY APPLICABLE EXCAVATION  
AND TREATMENT TECHNOLOGIES 



 
 
 In situ ETTs are discussed in Section 5.1. Ex situ ETTs are discussed in Sections 5.2 and 
5.3. It appears that P4 is present in a pure or nearly pure state in some portions of the former 
FMC plant. The “treatment” aspect of some ETTs includes both the treatment of P4 waste and 
the process steps for the recovery of P4 or P4 by-products for resale/reuse. Conceptually, soil 
and debris targeted for ETTs can be “triaged,” in that there could be three fractions to be 
addressed: 
 



1. P4 waste that can be “mined” and recycled and/or reused as P4 without treatment; 
 



2. P4 waste that requires treatment with an ETT, resulting in either the generation of a 
reusable by-product like P4 or phosphoric acid or a waste residual; and 



 
3. P4 waste that does not require treatment with an ETT. P4 waste that would not 



require treatment is waste that meets agreed-upon treatment requirements established 
for the second fraction. Some waste present at the site would presumably already 
meet such treatment requirements. 



 
The ETTs considered for evaluation are listed as follows: 



 
• In situ technologies 



 Injection of steam in direct push or vibrated caissons/wells or parallel 
horizontal wells; melting and pumping of P4 



 Solvent leach and recovery by using benign solvents 
 In situ oxidation of P4 via oxidant leaching or forced air oxidation 
 Containment of P4 by using grout, injection curtain, waterloo barrier, 



sheet piling, etc. 
 



• Ex situ excavation technologies 
 Mechanical excavation 
 Cutter-suction dredging with needed sizing preparation, pipelines, and 



water source 
 Thermal-hydraulic dredging with needed sizing preparation, pipelines, and 



water source 
 



• Ex situ treatment technologies 
 On-site incineration 
 Drying/mechanical mixing with containment 
 A&W mud still batch process 
 Anoxic caustic hydrolysis, metals precipitation, filtration, and stabilization 



(LDR treatment plant) 
 Wet air oxidation (pilot tested by Zimpro®) 
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 Solvent stirred batch reactor 
 Off-site incineration with associated railroad tank car loader/unloader 



 
• Disposal technologies (considered for P4 waste that has already been treated) 



 On-site disposal in a CAMU or similar CERCLA unit 
 Off-site disposal 



 
• Piping and railcars  



– Buried piping by using both in situ and ex situ approaches 
 Buried railcars by using both in situ and ex situ approaches 



 
 
5.1 IN SITU TECHNOLOGIES (SUBSURFACE TREATMENT) 
 
 
5.1.1 Thermal Treatment and Recovery 
 
 



5.1.1.1 Description 
 
 The melting point of P4 is 44°C (111°F). On the basis of the CSM for the Furnace 
Building (see Section 2.4), the hot, liquid P4 percolated through the thick unsaturated zone 
reached the water table at a depth of about 80 ft and flowed to the northeast. Presumably, it 
cooled as it flowed as a result of heat transfer to both the unsaturated formation and the 
underlying groundwater. The result was a mass of waxy, solid P4 that filled the voids in the 
sediments at depth. The volume, thickness, and areal extent of this material are unknown. 
Presumably, a residual amount of solid P4 also remains in the unsaturated zone; this volume is 
completely uncharacterized. 
 
 Heating the subsurface P4 to a temperature above 44°C would cause it to flow and allow 
at least some of it to be recovered by using pumping wells. Inorganic hazardous constituents 
present would be brought to the surface along with the P4 mobilized by the heating method. 
Different options are available for heating the formation. 
 
 Thermal conduction that involves electrical heaters suspended in vertical holes is a 
technology that is used to remediate sites contaminated with volatile organic compounds 
(VOCs). In this situation, heating to a temperature of 100°C drives off the VOCs effectively. For 
example, in the largest in situ thermal desorption project undertaken to date (Heron et al. 2015), 
a 3.2-acre site was remediated by using more than 900 thermal conduction heater wells targeting 
multiple depths. Such heater borings and their casings can be installed by vibratory push or by 
augering. The treatment just mentioned lasted 238 days and required a total of 23 million kWh. 
Electrical heaters, along with recovery wells, have also been used in pilot studies of in situ 
retorting of oil shale. Electrical heaters are probably used only in vertical holes and not in 
directional drilling applications. 
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 Electrical resistance heating has been used at VOC sites to bring the formation to 
steaming temperatures (>100°C) and drastically reduce VOC concentrations quickly (e.g., Tersus 
Environmental, LLC 2015). This approach relies on drilling or push methods to install electrodes 
in the subsurface. Electrical current flows among the electrodes in the target volume, which heats 
up. Recovery wells or a vacuum system at the surface are used to collect the VOCs. Formation 
temperatures above 44°C would melt P4. 
 
 Steam methods can also be used in remedial efforts or energy production. Steam can be 
used to target dense, nonaqueous-phase liquids in conjunction with the use of vapor recovery 
wells. In one example, 63 vertical or angled steam injection wells were used in a 3-acre target 
zone (Kramer et al. 2015). Steam has been used for many decades in enhanced oil recovery 
applications. The steam is used to heat the formation so that the hydrocarbons are more free-
flowing and can be extracted more completely by pumping wells. It is possible to perform 
directional drilling in order to have wells be horizontal at a target depth. A series of parallel, 
horizontal steam injection wells through or just below the deep P4 at the Furnace Building could 
heat the P4 to temperatures above 44°C. Each horizontal steam well could be underlain by a 
horizontal recovery well, or a network of vertical wells could be installed over the treatment 
area, in order to recover some portion of the P4. However, the pumped water and molten 
P4 might not remain above 44°C during its transport to the surface, which would result in 
deposition of the P4 in the subsurface well casings. 
 
 Direction drilling is accomplished by using mud rotary drilling techniques. Formation 
material, including P4, would be circulated to the surface. The wet drilling mud would help 
prevent exposure of the drilling fluids to air, and the mud pit could be maintained with a 
covering of water, but there would be a degree of risk involved with managing the drilling fluid. 
 
 Recovery wells in any thermal application would need pumps that could handle a mixture 
of water and molten P4 (viscosity of 1.69 cP, specific gravity of 1.8) to be lifted almost 90 ft. 
The pumped P4 would need to remain above 44°C during its upward travel; presumably, it 
would remain warm due to the heat in the formation. Upon reaching the surface, the combined 
water and molten P4 would need to flow (remaining above 44°C) to a submerged discharge point 
in a water-containing water tank, trough, or impoundment. Here the P4 would settle, cool, and 
solidify below the water. 
 
 The heating methods just described, if initially applied to the unsaturated zone at the 
Furnace Building, would likely promote downward migration of the P4 to the cooled mass at a 
depth of about 80 ft. However, as discussed next, there is no current understanding of how much 
residual P4 remains in the thick unsaturated zone, and there is not yet any laboratory study to 
assess whether applying heat to a formation sample containing P4 would promote effective 
downward draining of the P4. 
 
 



5.1.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 An important problem associated with any thermal application is that heating the deep 
P4 would allow it to flow. Without lateral containment, the mass of P4 would resume flowing 











 



42 



with the hydraulic gradient. In addition, the injection of steam at or beneath the mass could result 
in a mounding of the equipotential surface, causing the P4 to flow radially in all directions. As 
discussed elsewhere, if the thick unsaturated zone could be removed (depending on the presence 
of residual P4, which has not been characterized) through a major earth-moving project in the 
Furnace Building vicinity, then containment could be implemented over a much smaller vertical 
work area. 
 
 It would be wise to invest in a pilot-scale laboratory study to determine whether 
P4 within alluvial sediments would drain through the sediments efficiently or if a significant 
proportion would be retained. 
 
 The consideration of a thermal method should be based on the understanding that, despite 
any efforts to extract the subsurface P4, much of the contaminant mass would remain in the 
subsurface. Inorganic hazardous constituents present in the P4 that could not be mobilized by the 
heating method would remain in the subsurface. This would occur even if the value of the 
recovered P4 was high enough to invest in a thorough amount of heating and a large number of 
recovery points. The amount remaining would be difficult to characterize safely because in past 
site characterizations, a precedent to avoid drilling into the P4 was set.  
 
 



5.1.1.3 Assessment Based on ETT Review Parameters 
 



The evaluation results are shown in Table 5-1. 
 
 



5.1.1.4 Overall Likelihood of Success at FMC 
 
 Thermal treatment and recovery approaches at FMC would require a large investment for 
installing necessary equipment and creating a containment boundary, with or without large-scale 
overburden removal. The worker safety issues would be significant. In the end, much of the 
P4 would remain in place, although the amount would not be easy or safe to characterize, given 
the precedent set by past site characterization. 
 
 
5.1.2 Solvent Leaching and Recovery Using Benign Solvents 
 
 



5.1.2.1 Description 
 
 Conceptually, it is possible to leach a target material type from a formation by using a 
solvent and to extract the desired material by using pumping wells. Elemental phosphorus is 
soluble only sparingly in water. Hazardous inorganic constituents present in P4 would be soluble 
in water but only sparingly soluble in the organic solvents mentioned below. It is only slightly 
soluble in alcohol (C2H6O), ether, and benzene (C6H6). It is very soluble in carbon disulfide 
(CS2), phosphorus chloride (PCl3), phosphorus oxychloride (POCl3), liquid sulfur dioxide (SO2),  
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TABLE 5-1 Assessment of Thermal Treatment and Recovery Based on ETT Review Parameters



 
Review Parameter Thermal Treatment and Recovery 



 
Process maturity 



 
Mature for the remediation of some waste. The potential application of 
the technology for the treatment of P4 waste is conceptual only. 



Limitations Incomplete recovery. P4 mass is likely to spread unless containment is 
also applied. May or may not address residual P4 currently in the thick 
unsaturated zone. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 5 years for installation, with or without large-scale 
earth-moving to remove much of overburden. Estimated time is 
10 years for operations. 



Effectiveness of removing and/or treating 
P4 in soil 



Approach would collect some portion of the large subsurface mass for 
reuse; however, an unquantified but probably a large portion of the 
mass would remain. 



Process safety for site workers during 
implementation 



Methods that rely on augering or mud rotary drilling (i.e., directional 
drilling) would bring P4 to the surface, resulting in a significant health 
and safety issue. It is expected that if direct push methods were used, 
there would be only a minimal amount of P4 on withdrawn drill rod or 
casing, since they would be rubbed clean on clean, shallow soils. With 
regard to extracted P4, significant safety and management issues 
would need to be addressed. 



Community health and safety during 
implementation 



Management of any auger cuttings or mud pit drilling fluids would be 
a source of P4 and associated chemicals. 



Impacts to the environment during 
implementation 



There would be general impacts due to heavy equipment. The ultimate 
disposal of any drilling mud after processing for P4 would need to be 
addressed. 



Post-implementation impacts on the 
environment and the community 



These would not be significant. 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface P4-bearing 
zones could be remediated without the need for a large, open-pit-type 
excavation operation. Another advantage is that some portion of the 
deep P4 would be removed for reuse or sale.  
 
The disadvantages are: 



• incomplete recovery (i.e., much of the P4 would remain 
despite the effort and cost invested),  



• numerous safety concerns,  
• high cost of power for electrical methods,  
• mobilization of flowing P4 unless lateral containment is used,  
• high cost of containment,  
• high cost for possible removal of the overburden, and 
• the purity of the P4 that would be recovered is unknown. 
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and liquid ammonia (NH3) (Rivera et al. 1996). Each of these chemicals, however, would 
significantly degrade groundwater quality; their use would probably not be permitted by 
regulators. 
 



P4 is also soluble in turpentine or mineral oil (Merck Index 1952). Both of these have the 
additional benefit of wetting any particulates of P4 brought to the surface and thereby reducing 
their exposure to oxygen. They are also less dense than water, so they would remain on top of the 
water table, ideally within a containment cell around the remediation area. However, they are 
unlikely to be permitted for use because of the long-lasting impact they would have on 
groundwater in a large volume of the aquifer. 
 



Another alternative is the use of food oils. P4 is soluble in almond oil and olive oil. Its 
solubility in other, less expensive oils has likely not been evaluated (Merck Index 
2001).Table 5-2 lists the approximate prices for a range of food oils in 2015. Release of food oil 
in the subsurface would not result in the significant degradation of water quality that would be 
caused by the other types of solvents described above. Food oil would float on the water table, so 
it could remain within a containment cell as it is recirculated during the solvent leaching process. 
It would also coat any P4 particulates brought to the surface, limiting their contact with air. 
 
 Using solvents without having bounding containment could result in excessive losses of 
those solvents in lateral directions. This is a critical consideration with regard to any expensive, 
benign solvent. (See containment discussion in Section 5.1.4 regarding the potential use of a 
technology such as freeze walls, sealed sheet piling, a slurry wall, or a grout curtain.) It may be 
possible to excavate much of the overburden in the Furnace Building vicinity (depending on the 
presence of residual P4 in the thick unsaturated zone) to reduce the effort that would be needed 
to install a containment system. 
 
 



TABLE 5-2 Approximate Prices 
for Food Oils in 2015  



Oil 



 
Approximate Price 
(U.S. $/metric ton) 



   
Coconut 1,000 
Olive 5,000 
Palm kernel 1,000 
Palm 600 
Peanut 1,400 
Rapeseed 700 
Soybean 700 
Sunflower 900 
 
Source: IndexMundi (2015). 
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5.1.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Note that solvent extraction was ruled out as a viable technology for the Rhodia 
(Silver Bow) white phosphorus site (Barr 2014). 
 



The benign solvents mentioned above would have significant costs, since numerous tank 
cars would be required for a project having the estimated magnitude of the deep P4 project at the 
Furnace Building. The installation of a containment cell could reduce solvent losses but would 
be very expensive at the scale and depth required in the vicinity of the Furnace Building. 
 
 Laboratory studies of the solubility of P4 in food oils or other benign solvents would be 
necessary before making any further investment to study the solvent leaching approach. 
 



The consideration of a solvent extraction method should be based on the understanding 
that, despite any efforts to extract the subsurface P4, much of the contaminant mass would 
remain in the subsurface because the circulation of solvents within the target zone would be 
incomplete due to incomplete dissolution of the P4 and especially due to textural heterogeneities 
in the subsurface geologic materials. These heterogeneities would result in the solvent being 
circulated more in coarser-grained zones and less in finer-grained zones. This would occur even 
if the value of the recovered P4 was high enough to invest in the approach and include a high 
number of recovery points. The amount remaining would be difficult to characterize safely 
because in past site characterizations, a precedent was set to avoid drilling into the P4. 
 
 



5.1.2.3 Assessment Based on Review Parameters 
 



The evaluation results are shown in Table 5-3. 
 
 



5.1.2.4 Overall Likelihood of Success at FMC 
 
 Solvent extraction methods at FMC would require a large investment to purchase 
sufficient quantities of an appropriate benign solvent, the installation of necessary equipment, 
and the creation of a containment boundary with or without large-scale overburden removal. The 
worker safety issues would be significant. In the end, much of the P4 would remain in place, 
although the amount would not be easy or safe to characterize, given the precedent set during 
past site characterization. 
 
 
5.1.3 In situ Oxidation of P4 
 
 



5.1.3.1 Description 
 
 A possible in situ remediation concept relevant to the FMC site is the in-place oxidation 
of white phosphorus and the recovery of the reaction products via a system of 
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injection/extraction wells. The development of such a method could be achieved by adapting the 
proven methods and technologies used in the in situ oxidative leach mining of uranium and 
copper (e.g., IAEA 2001). This approach would involve delivering a heated oxidant-bearing 
solvent (e.g., oxygenated groundwater) to the P4-contaminated zone at a controlled rate and 
recovering the reaction products via a set of injection and extraction wells. The oxidant solution 
would be heated to greater than 45°C to cause the P4 grains or masses to melt; this would 
facilitate water flow and mixing and avoid the formation of phosphorus oxide rinds that are 
known to inhibit oxidation. 
 
 
TABLE 5-3 Assessment of Solvent Leaching and Recovery Using Benign Solvent Based on 
ETT Review Parameters 



 
Review Parameter Solvent Leaching and Recovery Using Benign Solvents 



 
Process maturity 



 
Mature for broadly defined solvent leaching. Immature for use of 
food oils. Application of the technology to address P4 waste is 
conceptual only. 



Limitations Incomplete recovery. P4 mass is likely to spread unless 
containment is also applied. Residual P4 currently in the thick 
unsaturated zone may or may not be addressed. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 5 years for installation, with or without large-
scale earth-moving to remove much of the overburden. Estimated 
time is 10 years for operations. 



Effectiveness of removing and/or 
treating P4 in soil 



Approach would collect some portion of the large subsurface mass 
for reuse; however, an unquantified but probably a large portion of 
the mass would remain. 



Process safety for site workers during 
implementation 



Well installation that relies on augering or mud rotary drilling 
would bring P4 to the surface, resulting in a significant health and 
safety issue. It is expected that if direct push methods were used, 
there would be only a minimal amount of P4 on withdrawn drill 
rod or casing, since they would be rubbed clean on clean, shallow 
soils. With regard to the P4 dissolved in the benign solvent, 
significant safety and management issues would need to be 
addressed. 



Community health and safety during 
implementation 



Management of any auger cuttings or mud pit drilling fluids would 
be a source of P4 and associated chemicals. 



Impacts to the environment during 
implementation 



There would be general impacts due to heavy equipment. The 
ultimate disposal of any drilling mud after processing for P4 and 
the ultimate disposal of benign solvent would need to be addressed. 
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TABLE 5-3 (Cont.) 



 
Review Parameter Solvent Leaching and Recovery Using Benign Solvents 



 
Post-implementation impacts on the 
environment and the community 



 
Not applicable. 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface 
P4-bearing zones could be remediated without the need for a large, 
open-pit-type excavation operation. Another advantage would be 
that some portion of the deep P4 would be removed for reuse or 
sale. The disadvantages would be: 



• incomplete recovery (i.e., much of the P4 would remain 
despite the effort and cost invested),  



• numerous safety concerns,  
• high cost of benign solvent,  
• mobilization of dissolved-phase P4 unless lateral 



containment was used,  
• high cost of containment, and  
• high cost for possible removal of the overburden.  



 
 
 A conceptual picture of how this method could be applied to a deep subsurface white 
phosphorus mass at the FMC site is shown in Figure 5-1. The top image in the figure shows a 
plan view of one of the many types of injection/extraction well patterns used for in situ leach 
mining along with idealized water flow paths. The middle image is a schematic cross section 
through a deep subsurface P4-contaminated zone, such as that associated with the Furnace 
Building (RU 1, RU 2, RA-B) at the FMC site. The bottom image is a schematic drawing of the 
key processes at the soil/sediment grain scale, which involve both the melting and oxidation of 
P4 particles. 
 
 The recovered products would consist primarily of hypophosphorus acid (H3PO2), 
phosphorus acid (H3PO3), and phosphoric acid (H3PO4), which could be neutralized by an 
ancillary process such as the one shown in Figure 5-2. After the solution has been neutralized, it 
would be refortified with the oxidant and reused at the extraction site. Due to the possible release 
of P4 vapor, phosphine gas, and P2O5 smoke, the extraction well area would probably need to be 
enclosed within a pitched structure equipped with appropriate air monitoring and gas treatment 
capabilities (see ancillary processes described in Section 5.2.1). The effectiveness of this method 
would be assessed by monitoring the phosphorus content of the effluent at the extraction wells 
and also the exploratory bore holes around the extraction zone to determine the zone of influence 
of the injection well. 
 
 In the in situ leach mining industry, the most effective method for avoiding the unwanted 
spread of the solvent or product within an aquifer is hydraulic isolation (hydraulic barrier) 
(IAEA 2001). This involves a set of auxiliary injection and extraction wells strategically placed 
(possibly vertically staged) to direct flow in the desired direction and to remove any potentially 
contaminated solutions that are missed by the primary product extraction wells. It is anticipated 
that a hydraulic barrier well system would be needed at the FMC site. 
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FIGURE 5-1 Conceptual Diagram of In situ Oxidation of P4 Based on 
Analogy with Oxidative Leach Mining (The map at the top is a view of a 
commonly used well pattern [IAEA 2001]. The cross section in the middle 
roughly represents the P4 contamination associated with Furnace 
Building RA-B. The schematic at the bottom highlights key processes at 
the grain scale.) 
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FIGURE 5-2 Reaction Path Diagram (This 
summarizes the key reactions that must be 
accounted for in the development and 
implementation of white phosphorus 
remediation by in situ oxidation.) 
(Source: Adapted from Sullivan et al. 1979) 



 
 
 The oxidation reactions for converting white phosphorus to phosphoric acid are well 
known, and their rates can be moderated by hosting the reactions within a solvent such as water. 
The use of water mitigates the major hazard involved with this treatment method, which is the 
ignition and uncontrolled burning (and associated toxic gas release) of the subsurface white 
phosphorus. The water pumped into the P4-bearing zone would be heated to a temperature 
higher than the melting point of white phosphorus (44°C) to avoid the formation of oxide layers 
that act as oxidant diffusion barriers and to increase the contact of the oxygenated water with 
P4 grains. 
 
 The only practical solvent to use for this technique would be local groundwater; however, 
there are a number of relevant oxidants that could be used. Ozone (O3) and sodium hypochlorite 
(NaClO) are the top examples of alternative oxidants, and both have been shown to increase the 
rate of white phosphorus oxidation relative to dissolved oxygen. Experiments have shown that 
the rate of oxidation of white phosphorus by dissolved oxygen can be described, in general, by 
first-order reaction kinetics. The details of the major reaction pathways that must be quantified 
and accounted for in designing oxidative treatment methods for white phosphorus are 
summarized in Figure 5-2. In addition, pH and temperature also play key rate-determining roles. 
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 For this method to work efficiently, the oxygenated water needs to be supplied to the 
P4 zone at a rate faster than it is depleted by the oxidation reactions. Determining this flow rate 
(rate of injection/extraction) must be based on a detailed hydrologic investigation of the 
contaminated soil/sediment volume of interest. Furthermore, to fully assess the applicability of in 
situ oxidation of white phosphorus, the amount of oxygen naturally taken up by the host 
soil/sediment matrix (oxygen demand), the pore water pH, and the buffering capacity must be 
known. 
 
 Therefore, the design and implementation of an in situ oxidative remediation method for 
white phosphorus would require a significant number of both laboratory and field investigations. 
The stages involved to design this method would be similar to those used to design in situ leach 
mining operations, as summarized in Table 5-4. 
 
 



 
 
  



TABLE 5-4 Principal Stages in a Design Study for In situ Leach Mininga 



 
Stage of Exploration Investigation Target Investigation Task Major Research Type 



    
Initial evaluation Conduct preliminary 



feasibility study 
Determine leaching 
properties of representative 
samples of deposit and host 
aquifer materials 



Conduct laboratory leach tests 
on core samples 



    
Preliminary 
investigation 



Establish feasibility: 
Justify parameters for 
in situ field tests and 
select appropriate test 
sites 



Determine leaching 
properties of host aquifer as 
part of controlled field tests 



Conduct in situ leach testing 
without processing the 
target deposit 



    
Detailed investigation Synthesize field and 



laboratory test results 
and design full-scale 
operation 



Develop a quantitative, 
predictive model of the entire 
operation (i.e., full-scale 
leaching and recovery of 
deposit material) 



Conduct pilot tests within 
the deposit to confirm key 
sensitivities of the model 



    
Implementation Implement full-scale 



operations based on 
pilot-test results and 
model sensitivities 



Use the model to optimize 
process parameters 



Optimize parameters based on 
recovery efficiency 



 
a Adapted from IAEA (2001). The same design approach would be used to develop an in situ oxidation and 



leaching operation for deep subsurface white phosphorus. 
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5.1.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 



This in situ-method is most appropriate for deep subsurface white-phosphorus-
contaminated zones that are not amenable to excavation. Specifically, it is for the deep (>80-ft) 
subsurface phosphorus mass present at the capillary fringe downgradient from the Furnace 
Building in RU 1 and RA-B. It is also conceivable that an oxidant leach method could be 
developed for contaminated zones in the railroad swale (RU 22c, RA-G), because in the swale, 
excavation is complicated by the impracticality of flooding that location. 
 



Site-specific pilot studies would be required to demonstrate the feasibility of this method. 
The chemistry is well known from bench-scale experiments, but it is unclear how the kinetics of 
key reactions would be influenced by the physical and chemical characteristics of the P4-hosting 
soils and sediments. Furthermore, the hydrology of the white-phosphorus-bearing zones needs to 
be well understood to design the injection/extraction well system. A recommended first step in 
further evaluating this method would be to have technical discussions with experts from the 
in situ leach mining industry. 
 
 



5.1.3.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-5. 
 
 



5.1.3.4 Overall Likelihood of Success at FMC 
 



With a number of years of well-planned pilot studies and a detailed site characterization 
project, this method could probably be successfully implemented at RA-B and RA-G of the FMC 
site. It is anticipated that the main difficulty would be quantifying the extent of decontamination 
after the method was implemented. 
 
 
5.1.4 Containment Technologies 
 
 



5.1.4.1 Description 
 



P4 waste is present at the FMC site primarily in the form of a waxy solid. It is therefore 
essentially immobile, since its solubility is very low. Very little P4 mass is being transported in 
the groundwater at FMC, and a containment technology is not needed for the P4 itself. But 
containment technologies might be necessary, depending on the type of remedial design. For 
example, in situ treatment technologies involving the use of solvents would benefit from a 
containment system to isolate the treatment area, preventing both the solvent and the target 
compound from escaping and blocking groundwater flow into the treatment zone. 
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TABLE 5-5 Assessment of In situ Oxidant Leaching Based on ETT Review Parameters  



 
Review Parameter In situ Oxidant Leaching 



 
Process maturity 



 
This was tested at laboratory scale but not tested at full scale for 
P4 treatment. It requires pilot tests. 



Limitations There is a danger of causing the ignition and uncontrolled burning of 
subsurface white phosphorus. This hazard would be mitigated by 
delivering the oxidant in an aqueous solution that is hot enough to melt 
the P4 and thus facilitate good mixing with the solution. It would also 
be difficult to quantify the success of the method (i.e., the extent of 
decontamination). A significant number of exploratory drill holes 
would be required, both before and after the method was implemented. 



Time to implement (not including 
permitting and approvals) 



Due to the lack of maturity of this method and the need for pilot 
studies and a detailed site characterization, the implementation of this 
method would probably require 3 or more years. 



Effectiveness of removing and/or treating 
P4 in soil 



This method is known to work at laboratory scale, but an in situ 
application would require pilot-scale studies to determine if the 
favorable reaction kinetics would scale up and apply in a 
heterogeneous soil/sediment matrix. The effectiveness of this method 
would be assessed by monitoring the phosphorus content of the 
effluent at the extraction wells and exploratory auger holes around the 
extraction zone to determine the zone of influence of the injection 
well. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by keeping all P4-bearing materials saturated and under 
water and by capturing and treating gases and appropriate PPE. 



Community health and safety during 
implementation 



Unmitigated risk would be high due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by enclosing the injection/extraction well site and 
off-gas treatment process. 



Impacts to the environment during 
implementation 



Unmitigated risk would be significant. Air quality could be affected by 
the release of particulate P4, phosphine, and P2O5/phosphoric acid 
vapors. Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the injection wells. 
The risk would be mitigated by containment of the site and gas 
treatment and hydraulic containment wells (P&T). 



Post-implementation impacts on the 
environment and the community 



The region where this method was applied would contain a large 
number of boreholes, and the local groundwater table would be 
disturbed by the injection/extraction wells. There is a possibility the 
phosphoric acid would be transported away from the injection well 
region, which could be detrimental to local ecosystem. This hazard 
would be mitigated by properly designing the extraction well system. 
If this method is successful, no long-term effects from it are predicted. 
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TABLE 5-5 (Cont.)  



 
Review Parameter In situ Oxidant Leaching 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface 
P4-bearing zones could be remediated without the need for a large, 
open-pit-type excavation operation. The chemistry is well known and 
deactivates the main hazard associated with P4: its pyrophoric nature. 
This ETT would probably be acceptable from a permitting standpoint, 
with a risk mitigation plan based on proven technologies (air treatment 
enclosure, hydraulic containment wells, and/or hydrologic/reactive 
barriers) and with successful pilot studies having been performed and 
having received appropriate quality assurance/quality control.  
 
The disadvantages would be the: 



• need for pilot studies, 
• considerable effort needed for site characterization,  
• difficultly in quantifying the extent of P4 decontamination 



after the method was implemented, and  
• hazards involved with a possible run-away oxidation reaction 



leading to ignition and an uncontrolled burn.  



 
 



One type of containment technology is known as freeze wall. Freeze wall technology has 
been used in environmental and energy applications (e.g., to stop contaminated groundwater 
discharge at Fukushima or to establish cell boundaries during in situ oil shale retorting) to create 
a flow barrier by chilling the formation to freeze the groundwater. This involves drilling 
numerous vertical holes for circulating refrigerant. It requires a significant amount of electrical 
power. It is possible to install a freeze wall to a great depth; some applications cover several 
hundred vertical feet. 
 



A second type of containment technology is sheet piling. Sheet piling involves 
interconnected steel pieces being successively driven into the subsurface to create a wall. With 
the use of tiebacks, the wall height can be about 10 ft if excavation takes place along one side of 
the wall. Reaching great depths would necessitate a series of telescoping lifts. 
 



A third type of containment technology is a slurry wall. This is constructed by a trencher 
that can reach down to 80 ft in depth (Dewind 2015). As the trench is excavated, it is backfilled 
with low-permeability materials to create a groundwater flow barrier. 
 
 



5.1.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 At FMC, containment technology could be used in conjunction with in situ remedial 
technologies to address the deep P4 at the Furnace Building. For example, solvent extraction 
performed in the Furnace Building vicinity would benefit from the installation of some type of 
containment to prevent lateral losses of the solvent liquid. The cost of containment would be 
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significant, however, and the cost of estimated benign solvent losses over the duration of 
remediation would need to be compared with the cost of containment. 
  



The cost of containment could be significantly reduced if different approaches were used 
in the thick unsaturated zone instead of the capillary fringe approach. For example, if careful site 
characterization indicated that the unsaturated zone had negligible amounts of P4, then 
excavation to remove the overburden could reduce the overburden’s thickness above the 
concentrated P4 at the capillary fringe from about 80 ft to, for example, 20 ft. Thus a layer of 
alluvial deposits would be maintained between workers and the P4, and ideally air would not be 
allowed to diffuse down into the concentrated P4. Although the earth-moving costs would be 
substantial, the containment would be much more cost effective, and the volume of solvent 
would be greatly reduced. The amount of P4 present in the overburden, however, could be 
significant, as described in Section 5.2. 
 
 At FMC, during the installation of a freeze wall to support benign solvent extraction at 
the Furnace Building, drilling (augering) through subsurface P4 would need to be avoided. 
Because the site is poorly characterized, the overall length of the bounding freeze wall cannot be 
optimally reduced. The areal extent of assumed P4 in the capillary zone suggests that a freeze 
wall would be cost-prohibitive due to installation and operational (i.e., power) costs. At FMC, a 
freeze wall could be installed to a depth below the P4 at the capillary fringe (i.e., to a depth of 
about 90 ft below current grade). One consideration related to a freeze wall is that it would be 
unbounded across the bottom of the established treatment cell. The use of a benign solvent 
lighter than water would allow the solvent to remain in the cell if the freeze wall extended into 
the saturated zone, since the solvent would be buoyed up by the groundwater. 
 
 Multiple sheet pile cells would need to be nested together with successively smaller areas 
in order to reach P4 at about 80 ft deep. Coarse gravel can be penetrated during the installation of 
sheet piling. Cobbles can be handled, but boulders cannot (Lee 2015). The Waterloo barrier® is a 
special form of sheet piling that involves the injection of a sealant into a sheet pile wall during its 
construction. This would improve the performance of a sheet pile containment wall in the lateral 
direction. A rough estimate of the cost of a Waterloo barrier is $35 (Canadian) per vertical 
square foot installed (Lee 2015). At FMC, this technology could be used only if the upper 60 to 
70 ft of the unsaturated zone had negligible amounts of P4. Otherwise, each telescoping sheet 
pile cell extending from the current ground surface would need an unbounded bottom, and 
benign solvents used in solvent extraction would be expected to have continuous downward 
losses. 
 
 The deep trencher would not reach the full thickness of the P4 at the water table. 
Approximately 10 ft of surficial material would need to be removed to allow the equipment to 
reach the proper depth a bit below the deep P4 deposit. If the unsaturated zone did not have any 
significant P4 contamination, then large-scale earth-moving could be performed to remove 
alluvium and allow the capillary fringe depth to be reached with a shallower trench. 
 
 A containment barrier could also be installed as a grout curtain. In this approach, 
injection tubes are pushed into the subsurface, and grout is injected across a desired depth 
interval. Injection holes are spaced sufficiently close to create a barrier to groundwater flow. 
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5.1.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-6. 
 
 



5.1.4.4 Overall Likelihood of Success at FMC 
 
 Although the extent of the concentrated P4 at the capillary fringe zone has not been 
characterized, the estimated mass and concentration of P4 (shown in Figure 2-2) suggest that it 
could be present in an area measuring roughly 900 × 600 ft. The cost for using any one of the 
three containment technologies to support benign solvent extraction, therefore, would be 
prohibitive. The cost for large-scale earth-moving of the overburden materials (if it is determined 
that they do not have a significant amount of P4) would be substantial, but it would result in a 
tremendous savings over the cost of any other selected containment method. 
 
 



TABLE 5-6 Assessment of Containment Technologies Based on ETT Review Parameters 



 
Review Parameter Containment Technologies 



 
Process maturity 



 
Mature, but the technology has never been applied to P4 waste. 



Limitations • These technologies do not excavate or remediate, but they could be used 
in conjunction with in situ remediation technologies to address deep P4.  



• The NPV estimate for Alternatives 5 through 7 in the September 2010 
Proposed Plan would be a comparable to the OOM estimate to implement 
this ETT in conjunction with an excavation, treatment, and disposal ETT. 



Time to implement (not 
including permitting and 
approvals) 



Identifying a containment approach could take up to 1 year. Estimated time is 
5 years for installation, with or without large-scale earth-moving to remove 
much of the overburden. 



Effectiveness of removing 
and/or treating P4 in soil 



Not applicable. 



Process safety for site workers 
during implementation 



The degree of safety would be tied to how conservatively large the 
containment boundary surrounding the poorly characterized Furnace Building 
vicinity was, and to whether P4 was present in the thick unsaturated zone or 
whether it was not (which would allow for safe earth-moving).  



Community health and safety 
during implementation 



Not applicable. 



Impacts to the environment 
during implementation 



There would be general impacts due to heavy equipment. Drill cutting disposal 
would be associated with a freeze wall and deep trenching.  



Post-implementation impacts 
on the environment and the 
community 



Not applicable.  



Overall discussion of 
advantages and disadvantages 



A possible advantage would be the conservation of expensive benign solvent 
or the containment of heated, flowing P4. Disadvantages would be the high 
cost of installation for all three methods and the high cost of power for a freeze 
wall. The cost could be reduced if a large portion of the overburden could be 
excavated safely (which would depend on whether there was uncharacterized 
P4 in the thick unsaturated zone).  
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5.2 EX SITU EXCAVATION TECHNOLOGIES 
 
 
5.2.1 Ancillary Technologies 
 
 In order for P4 waste (i.e., waste or soil or debris contaminated with P4) to be treated by 
an ex situ technology, a suite of ancillary technologies would have to be applied to excavate, 
store, sample, size, and blend excavated waste to meet the acceptance criteria of the treatment 
technology selected. The excavation of P4 waste would produce process residuals that would 
require treatment. Before the excavation project could be started, a strategy for treating 
excavated waste as part of, or in parallel with, excavation would need to be determined in order 
to avoid the accumulation of any new hazardous materials. The three main process residual 
streams that would have to be treated during excavation are as follows: 
 



1. Phosphine (PH3) and P4 gases, which accumulate due to disproportionation and 
sublimation of P4 and are released when P4-rich materials are disturbed; 



 
2. Phosphorus pentoxide (P2O5) gas from P4 oxidation, which reacts with water to 



form phosphoric acid; and 
 



3. Aqueous solutions with minor amounts of dissolved and particulate P4 (phossy 
water). 



 
 These process residual streams can be treated by straightforward, well-established 
chemical processes, examples of which are summarized in Figures 5-3, 5-4, and 5-5. 
Conventionally, the phosphine and P4 gas residuals are destroyed in a ~750°C thermal oxidizer, 
and the resulting P2O5 can be converted to phosphoric acid in an in-line quenching chamber 
(Franklin Engineering Group 2007). The resulting phosphoric acid can be marketed as a product 
or neutralized by using calcium hydroxide or an equivalent base.  
 
 Aqueous solutions that have come in contact with white-phosphorus-bearing materials 
will contain relatively low concentrations (mg/L range) of dissolved and suspended P4. These 
solutions are conventionally treated in a hydrolysis reactor that converts P4 to phosphine 
(Franklin Engineering Group 2007). The phosphine can then be burned in the thermal oxidation 
process (Figure 5-3). For a more detailed summary of the three processes shown in Figures 5-3 
through 5-5, see Franklin Engineering Group (2007). 
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FIGURE 5-3 Generic Flow Diagram for Treating P4-, P2O5-, H3PO4-, and 
PH3-Bearing Gases Released during the Excavation of White-Phosphorus-
Rich Materials (Source: Adapted from Franklin Engineering Group 2007) 



 
 



 



FIGURE 5-4 Generic Flow Diagram for Treating Phosphoric Acid 
Wastewater Produced from Treating Gases Captured during the 
Excavation of White-Phosphorus-Rich Materials (Source: Adapted from 
Franklin Engineering Group 2007) 



 
 



 



FIGURE 5-5 Generic Flow Diagram for Treating P4-Bearing Water 
Produced during the Excavation of White-Phosphorus-Bearing 
Materials (Source: Adapted from Franklin Engineering Group 2007) 
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5.2.2 Mechanical Excavation Technologies 
 
 



5.2.2.1 Description 
 
 Traditional earth-working equipment could be used to excavate and move material 
contaminated with white phosphorus, provided that the hazards posed by its pyrophoric nature 
and corrosive reactive off-gases were mitigated. Mechanical excavation could proceed with 
tracked or wheeled vehicles (backhoes, front-end loaders, bulldozers, crane/clamshells, bobcat-
type units, etc.). Excavation footprints could be accessed by using layback excavation benches, 
shoring, freeze walls, and trench boxes. Trench boxes and shoring might be particularly effective 
for excavating a linear feature like an underground pipeline. Materials containing approximately 
1,000 mg/kg or more of P4 are hazardous and would thus require specific hazard mitigation steps 
(FMC 2009). The pyrophoric hazard could be mitigated by performing the excavation when 
ambient temperatures are below 30°C (or by controlling temperature in a temporary structure 
erected over the excavation site) and/or by keeping the white-phosphorus-bearing materials 
covered and saturated with water, while the off-gas from the excavation site could be captured 
and treated. The off-gas treatment would involve enclosing the excavation site in a temporary 
structure with a slight negative pressure and passing the enclosure atmosphere through an air 
pollution control system. One approach for using a temporary structure is described in 
Section 5.3.2, “Drying/Mechanical Mixing with Containment.” A generalized flow diagram for a 
typical treatment process for gases released during the mechanical excavation of white 
phosphorus is shown in Figure 5-3. 
 
 Ideally, the heavy equipment used for excavating white phosphorus materials would be 
autonomous or remotely operated to minimize risk to workers, and any personnel within the 
excavation enclosure would wear PPE appropriate for working with white phosphorus, airborne 
P2O5 particulate, phosphoric acid vapors, and phosphine gas. Remotely operated equipment is 
available commercially. The selection of equipment is somewhat limited, but the equipment has 
been used at the Hanford Reservation (Badden and Seely 2010) in Washington State. Mechanical 
excavation would also produce an aqueous process stream that would require treatment. Any 
water that would come into contact with the phosphorus-bearing materials might contain 
dissolved and/or particulate white phosphorus as well as other contaminant metals and thus 
would have to be captured and treated. A standard process for treating water that has come into 
contact with elemental phosphorus is summarized in Figure 5-5. The water that is treated for 
white phosphorus could then be returned to the excavation site. 
 
 Controlled experiments and field observations indicate that that soils and sediments 
containing less than 1,000 mg/kg of white phosphorus do not smoke (Appendix K of 
FMC 2009); that is, they do not emit observable amounts of P2O5. Therefore, it is likely that the 
excavation of materials containing less than 0.1 weight percent (wt%) P4 would not require an 
enclosure or gas treatment. However, thorough characterization of the materials in question 
would need to be performed prior to open-air excavation. Furthermore, phosphine gas is 
colorless, and it can be released when P4-bearing materials are disturbed. Tests for subsurface 
phosphine and aboveground monitoring should thus be performed even at excavation sites shown 
to contain relatively low concentrations of white phosphorus. 
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5.2.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 With proper hazard mitigation, mechanical excavation would be applicable to all of the 
contaminated regions, except possibly the deep (i.e., more than 80 ft deep) subsurface 
phosphorus mass present at the capillary fringe downgradient from the Furnace Building in 
RU-A and RU-B. Exhumation of the P4 at the capillary fringe would require a pit that is 90 ft 
deep and 1,500 ft in diameter and the removal of 2.5 million yd3 of potentially contaminated 
soil/fill (FMC 2010). 
 
 Excavation of white-phosphorus-bearing material in the railroad swale (RU 22c, RA-G) 
would likely have to be performed by mechanical excavation due to the impracticality of 
dredging a site that does not lend itself to flooding and contains coarse-grained gravels 
throughout the subsurface. As discussed next, the most promising excavation technique for the 
former ponds (RU 22b, RA-C) is likely cutter suction dredging, but mechanical excavation 
would still be needed to prepare the pond sites for flooding and perhaps to remove slag layers 
that overlie the P4-bearing pond sludge/sediments. 
 
 Mechanical excavation would also be the only applicable method for the white-
phosphorus-bearing railcars buried in the slag pile. This would likely involve the removal of 
most of the slag (~300,000 yd3, according to FMC 2010) by open-air excavation (justified by 
low concentrations of P4), followed by excavation, removal, and/or in situ treatment of the 
railcars within a negative pressure enclosure and an associated off-gas treatment process. 
 
 In all applicable regions, the initial excavation effort would likely involve removing an 
overburden consisting of variable thicknesses of slag, soil, and, in some areas, asphalt and 
concrete. If it is known that the overburden materials are free of P4, they could be removed by 
open-air mechanical excavation. Excavated residuals that were only slightly contaminated with 
P4 might be able to be treated by mechanical mixing with containment, as discussed in 
Section 5.3.2. However, when excavation approached horizons known or suspected to contain 
≥0.1 wt% P4, appropriate hazard mitigation systems (excavation enclosure, gas and residuals 
treatment) should be in place. The excavation project would be coupled to one or more ex situ 
treatment processes (discussed next) to provide a constant feed of materials. 
 
 



5.2.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-7. 
 
 



5.2.2.4 Overall Likelihood of Success at FMC 
 
 Mechanical excavation has been used historically at the FMC site to maintain white-
phosphorus-bearing impoundments (ponds) and is currently being used in recent and ongoing 
regrading activities. Furthermore, during the construction of the LDR plant, approximately 6 yd3 
of white-phosphorus-bearing materials were mechanically excavated, transferred to 55-gal 
drums, and shipped off site for incineration (FMC 2009). Therefore, there is a precedent for 
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TABLE 5-7 Assessment of Mechanical Excavation Based on ETT Review Parameters 



 
Review Parameter Mechanical Excavation 



 
Process maturity 



 
Mature. 



Limitations • There are worker health and safety limitations. P4 must be kept 
under water to avoid ignition; high levels of phosphine gas can be 
released when P4 materials are disturbed; and the P2O5 from 
inevitable P4 burning reacts with moisture to form phosphoric acid.  



• The major limitation of mechanical excavation with regard to 
former pond sites is that, once they are flooded, the P4- bearing 
layers would probably not support the weight of heavy equipment.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with a treatment and disposal 
ETT. 



Time to implement (not including 
permitting and approvals) 



Could be implemented immediately. 



Effectiveness of removing and/or 
treating P4 in soil 



Would remove P4 waste. Would not remove hazardous characteristics 
of materials. Requires a treatment ETT to treat P4. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk could be 
mitigated by flooding the excavation site, capturing and treating gases, 
and using appropriate PPE. 



Community health and safety during 
implementation 



Unmitigated risk would be high due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by enclosing the excavation site and using an off-
gas treatment process. 



Impacts to the environment during 
implementation 



Unmitigated risk would be significant. Air quality could be affected by 
the release of particulate P4, phosphine, and P2O5/phosphoric acid 
vapors. Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by containment of the excavation site, 
gas treatment, and the use of hydraulic containment wells (P&T).  



Post-implementation impacts on the 
environment and the community 



None. The excavated site would be filled with uncontaminated (treated) 
soil.  



Overall discussion of advantages and 
disadvantages 



The main advantage of mechanical excavation methods over hydraulic 
ones is their simplicity. Mechanical excavation does not require suction 
pump systems that must be maintained and can be clogged by oversized 
debris. The main disadvantage is the high safety and environmental 
risks associated with P4 ignition, phosphine gas, P2O5/acid vapors, and 
contaminant transport beneath the excavation site. The mitigation of 
these hazards for sites with more than 1,000 mg/kg of P4 would require 
that the excavation site be fully enclosed in a negative-pressure 
enclosure with an attached air pollution treatment facility. Therefore, 
mechanical excavation would be most appropriate for regions with low 
concentrations of P4 (below 1,000 mg/kg) and regions that are not 
amenable to dredging. 
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using mechanical excavation to move P4-bearing materials at the FMC site. However, the 
excavation of the thousands of tons of white-phosphorus-rich materials in the former ponds and 
railroad swale would require new, large-scale hazard mitigation systems, such as flooding the 
excavation site with water and using gas capture and treatment. 
 
 A possible complication associated with any method that involves the use of large 
volumes of water at the excavation site is the transport of contaminants with the water that seeps 
into the subsurface below the excavation zone. In this scenario, soluble forms of contaminants 
(e.g., HAsO4



2-, HAsO2[aq], UO2
2+) could be leached from the excavation volume and transported 



toward the water table by percolation. Hydraulic containment wells (pump and reuse at 
excavation site) and/or hydrologic/reactive barriers could be used to mitigate contaminant 
mobilization; however, the design of such barriers would need to be assessed on a site-by-site 
basis. 
 
 It is recognized that the use of mechanical excavation to extract the amount (more than 
500,000 yd3) of P4-bearing materials from the former ponds represents a unique challenge due to 
the fire and off-gas hazards. These hazards could be largely mitigated, however, by using 
existing technologies. The major limitation of mechanical excavation at the FMC site is that the 
soft, water-saturated, white-phosphorus-bearing soil/sludge materials would probably not support 
the weight of heavy equipment, such as backhoes and tracked excavators. (A rule-of-thumb 
weight for a two-wheeled backhoe capable of digging to a 15-ft depth is 15,000 lb, and most 
relevantly sized tracked excavators weigh more than this.) Since operating heavy equipment on a 
soft, unstable surface poses unacceptable risks, it is likely that long-reach excavators would be 
required to excavate the former ponds. Site-specific analyses are required to assess the 
applicability of standard long-reach excavators (with a 50- to 100-ft reach) to the former ponds. 
Pond 7S might prove to be particularly challenging due to its relatively large areal extent. Other 
complications associated with applying mechanical excavation to the FMC site include these: 
 



• Inefficiency of physically “shoveling” hazardous mud while trying to avoid 
any localized drying that would lead to pyrophoric residues, 



 
• Related complications of using remotely operated heavy machinery, and 



 
• Installation and operation of a site enclosure and a gas capture/treatment 



system. 
 
 Mechanical excavation does have a significant advantage over methods that use pumping 
and pipelines (dredging and hydraulic exaction, discussed next) in that it does not require size 
reduction at the point of excavation and is not subject to shutdowns due to clogged pipes. 
 
 The overall likelihood of successfully using mechanical excavation, with constant water 
cover and off-gas treatment, at the FMC site is deemed high for all regions capable of supporting 
heavy machinery. It is envisioned that mechanical excavation would be used for site preparation 
and the removal of slag and other hard fill materials that contain only low or suspected amounts 
of white phosphorus. The removal of materials with P4 contents of more than 1 wt% (e.g., in the 
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bulk of Ponds 1S, 2S, 3S, 4S, 5S, 6S, 7S, and 10S) would probably be accomplished most 
efficiently and safely by using a remotely operated hydraulic dredging technique. 
 
 
5.2.3 Cutter Suction Dredging 
 
 



5.2.3.1 Description 
 
 A cutter suction dredge is a slurry excavator consisting of a rotating cutter head fitted 
with an opening through which loosened materials are pumped. The cutter head is submerged in 
the water-saturated materials being dredged. The material is “chopped” by a steel cutter at the 
site of excavation to facilitate pumping of the excavated slurry. 
 
 Franklin Engineering Group (2007) reported that a long-reach excavator with a cutter 
suction dredge head was designed for use at the Glenn Springs white phosphorus site, while a 
remotely operated floating cutter suction dredge was designed for use at the FMC Idaho site. 
These dredge designs were targeted to provide the needed mass-per-time feeds for specific site 
treatment plants. The dredging plan for the FMC site involved producing and pumping a 3 to 
8 wt% suspended solids slurry at 350 gallons per minute (gpm) to achieve an overall dredge rate 
of 113,400 gal of slurry per day (FMC 2000). The Glenn Springs dredging system was based on 
pumping 1,800 gpm of sludge by using an 8-in. pipeline that would allow for solids no larger 
than 3 in. The FMC dredge system pipeline was 4 in. in diameter and could allow 0.5-in. solids 
to pass. The dredging plans at both the Glenn Springs and the FMC sites involved a set of unit 
processes that ultimately dewatered the excavated slurries and returned the process water back to 
the excavation site to maintain the desired water level. 
 
 State-of-the-art, commercially available, cutter suction dredges designed specifically for 
use in contaminated ponds and lagoons might be directly applicable to the former ponds at the 
FMC site. Of specific interest are the small- to medium-sized, remotely operated units that come 
as either amphibious tracked dredges or pontoon-floated automated dredges. State-of-the-art, 
commercially available cutter suction dredges generally offer the following relevant features: 
 



• Can be remote controlled by radio from 500 ft away or programmed for full 
automation, 



 
• Have 40- to 60-horsepower submersible slurry pumps, 



 
• Can sense and adjust to the topography of the pond bottom being dredged,  



 
• Can automatically maintain the delivery of a constant solids concentration 



(10 to 30 wt% solids), and 
 



• Contain only a minimal number of moving mechanical parts (there are only 
four moving parts on a typical modern remote dredge). 
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Two examples of commercially available dredge units are shown in Figures 5-6 and 5-7. 
 



Treatment processes generally have an optimum waste acceptance criterion that should 
be met for the technology to work successfully. To operate efficiently and consistently, most 
white phosphorus treatment processes require a feed that is physically consistent in terms of 
particle size and solids concentration. This would require a feed preparation step between cutter 
suction dredging and treatment. FMC Patent 4,492,627 describes a sequence of technologies that 
could be used to produce a physically consistent process feed from cutter suction dredging of the 
former ponds at the FMC site. This patent shows that the slurry of P4-bearing rock and soil 
collected by a cutter suction dredge could be prepared for treatment by a number of separation 
steps, such as conducting physical screening, melting oversized masses of P4, and using 
hydrocyclones and centrifugation for particle size separation. Some of the key particle sizing 
steps detailed in FMC Patent 4,492,627 are summarized in Figure 5-8. 
 
 



 



FIGURE 5-6 Tracked Radio-Remote-Controlled Cutter Suction Dredge (Source: Photos 
from Liquid Waste Technology, LLC, ROV SRD-6E specifications brochure) 
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FIGURE 5-7 Pontoon Floated Radio-Remote-Controlled 
Cutter Suction Dredge (Source: Photos from Liquid Waste 
Technology, LLC, Mud Cat 50E specifications brochure) 
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FIGURE 5-8 Generic Flow Diagram for Size Reduction Treatment 
before Chemical Processing (Source: Adapted from FMC 
Patent 4,492,627) 



 
 



5.2.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Cutter suction dredging is applicable to the former ponds in RU 22b (RA-C and RA-D), 
provided that they can be flooded so that a slurry of approximately 30 wt% (or less) of 
suspended solid can be produced at the excavation site. The three generic options for mounting 
the cutter suction head are:  
 



• Tracked submersible excavators, 
 



• Pontoon-mounted dredge, and 
 



• Long-reach excavators. 
 
 Remotely operated, submersible, cutter suction excavators, such as the one shown in 
Figure 5-6, offer a good deal of flexibility and are directly applicable to all white-phosphorus-
contaminated regions at the FMC site that are amenable to at least localized flooding. Remotely 
operated, pontoon-mounted, cutter suction dredges, such as the one shown in Figure 5-7, are also 
directly applicable to the FMC site but would require at least 16 in. of freeboard water to operate. 
An advantage of the floated dredges is that the cutter suction head can be mounted on a winch-
controlled boom that can readily reach 14-ft depths, and commercially available units can be 
customized for deeper maximum reaches. The long-reach, excavator-mounted cutter suction 
dredge is probably the least promising of the three types because it would be considerably more 
complicated to operate and could be difficult to properly stabilize along the soft mud banks of 
the ponds being excavated. 
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 Figure 5-9 is a conceptual diagram for the use of cutter suction dredging for the 
excavation of one of the former ponds at the FMC site. 
 
 



5.2.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-8. 
 
 



5.2.3.4 Overall Likelihood of Success at FMC 
 
 As mentioned, a possible complication associated with any method that involves flooding 
a contaminated region is the possible transport of contaminants with infiltration. In this scenario, 
soluble forms of contaminants (e.g., HAsO4



2–, HAsO2[aq], UO2
2+) could be leached from the 



excavation volume and transported toward the water table. This process could be mitigated by 
the use of hydraulic containment wells (pump and reuse at excavation site) and/or 
hydrologic/reactive barriers. 
 
 Another possible complication associated with this method would involve the type and 
size of the materials being dredged. Large pieces of quartzite or slag used as fill materials in the 
former ponds at the FMC site might not be amenable to size reduction by the cutter end and 
would thus be rejected by the suction system. If such large pieces of debris were encountered and 
hindered the dredge’s progress, they would have to be removed by using a long-reach excavator. 
Furthermore, large pieces of solidified P4 might also be encountered; however, these pieces 
could be dredged by using thermal-hydraulic methods (summarized next) involving the use of 
steam to melt P4 at the cutter suction head. 
 
 Practical experience has shown that localized ignition of white phosphorus cannot be 
completely avoided with cutter suction. Occasionally, the cutter suction parts and other internals 
would have to be exposed to air for maintenance reasons. Hazards associated with the inevitable 
burning and smoking of white phosphorus during maintenance of these dredging systems would 
have to be mitigated. This could be done with the use of slightly negative-pressure enclosures 
into which the cutter suction parts would be moved for servicing and cleaning as needed.  
 
 If the risk of subsurface contaminant mobilization was mitigated, cutter suction dredging 
would have a high likelihood of success as a front-end process for the excavation and treatment 
of the white-phosphorus-bearing materials in the RU 22c (RA-C, RA-D) former ponds. 
However, mechanical excavation methods would probably need to precede the cutter suction 
dredging to remove the slag overburdens from some of the former pond areas and to prepare the 
sites for flooding. 
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FIGURE 5-9 Conceptual Diagrams (not to scale) Showing a Possible 
Sequence of Steps for Excavating White-Phosphorus-Bearing Materials 
from a Flooded P4 Impoundment (Source: developed by Argonne) 
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TABLE 5-8 Assessment of Cutter Suction Dredging Based on ETT Review Parameters 



 
Review Parameter Cutter Section Dredging 



 
Process maturity 



 
Mature. 



Limitations • This method requires complete flooding of the excavation site. A 
constant, large supply of water is needed to keep the excavation 
site flooded and to maintain the pond’s water level.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with a treatment and disposal 
ETT. 



Time to implement (not including 
permitting and approvals) 



This method could be implemented immediately if an adequate water 
supply is available. 



Effectiveness of removing and/or treating 
P4 in soil 



This method would remove P4-bearing materials. It would not remove 
hazardous characteristics of materials. Excavated P4 waste would have 
to be subjected to a treatment technology. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by flooding the excavation site and by doing the excavation 
by using remotely operated dredges. Phosphine gas would be 
monitored (both site and personnel monitoring). Maintenance on 
dredge parts would be performed in a negative-pressure enclosure with 
gas treatment and with workers who were wearing appropriate PPE. 



Community health and safety during 
implementation 



Accidental drying at the excavation site would have significant 
community health and safety consequences due to the possible release 
of particulate P4, phosphine, and P2O5/phosphoric acid vapors. The 
risk would be mitigated by maintaining a large volume of excess water 
at the excavation site along with sand for smothering P4 fires. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. Air could be affected by the 
release of particulate P4, phosphine, and P2O5/phosphoric acid vapors. 
Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by keeping the excavation site 
flooded and containing the site groundwater by hydraulic containment 
(P&T wells). 



Post-implementation impacts on the 
environment and the community 



The excavated site would be filled with uncontaminated (treated) soil. 



Overall discussion of advantages and 
disadvantages 



The main advantage of cutter suction dredging over mechanical 
excavation is that it would be performed remotely, thus greatly 
reducing worker health and safety risks. Furthermore, the removal and 
transport of P4 materials as a slurry (~10 wt% solids) would minimize 
the risk of large masses of P4-bearing materials drying out and 
igniting. The overall advantage is that it would minimize the risk to 
workers. Its main disadvantages would be its need for large volumes 
of water and the inevitable equipment failure and complications 
(e.g., clogging of pumps and pipes) associated with its use.  
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5.2.4 Thermal-Hydraulic Dredging 
 
 



5.2.4.1 Description 
 
 Another option for removing white phosphorus from contaminated soil and sediments 
involves melting and pumping the P4 at the site of excavation. Due to its low melting point 
(around 44oC), white phosphorus can be melted by hot water or steam applied at the front of a 
modified cutter suction dredge. This approach has been used in phosphorus treatment plants by 
supplying heat through a steam-jacketed cylinder surrounding the suction pump (Franklin 
Engineering Group 2007).  
 
 An advantage to the thermal-hydraulic dredge technique is that large pieces of pure P4 or 
P4-cemented aggregates that would be rejected by the screen on the cutter suction intake could 
be broken down (melted) using the thermal-hydraulic method and sucked up by the pumping 
system. The general disadvantages to the application of heat at the cutter suction tip are the 
added energy costs and the fact that the equipment is more complicated to operate and maintain. 
 
 



5.2.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The applicability is the same as that for cutter suction dredging. In fact, the thermal-
hydraulic dredge method is essentially a modification or added feature of the cutter suction 
method. As discussed in the section on cutter suction dredging, this technology would require a 
feed preparation step between cutter suction dredging and any treatment technology, such as the 
preparation step depicted in Figure 5-8.  
 
 



5.2.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-9. 
 
 



5.2.4.4 Overall Likelihood of Success at FMC 
 
 The likelihood of success would be the same as that for cutter suction dredging in that it 
would be high for locations that could be flooded. 
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TABLE 5-9 Assessment of Thermal Hydraulic Dredging Based on ETT Review Parameters 



 
Review Parameter 



 
Thermal Hydraulic Dredging  



 
Process maturity 



 
Mature. 



Limitations This method requires complete flooding of the excavation site. A 
constant, large supply of water is needed to keep the excavation site 
flooded and to maintain the pond’s water level. The NPV estimate for 
Alternatives 5 through 7 in the September 2010 Proposed Plan would be a 
comparable OOM estimate to implement this ETT in conjunction with a 
treatment and disposal ETT. 



Time to implement (not including 
permitting and approvals) 



This method could be implemented immediately if there was an adequate 
water supply. 



Effectiveness of removing and/or 
treating P4 in soil 



This method would remove P4-bearing materials. It would not remove 
the hazardous characteristics of the materials. Excavated P4 waste would 
have to be subjected to a treatment technology. 



Process safety for site workers during 
implementation 



• There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by flooding the excavation site and doing the excavation 
by using a remotely operated thermal-hydraulic excavator. Phosphine 
gas would be monitored (both site and personnel monitoring).  



• Maintenance on dredge parts would be performed in a negative-
pressure enclosure with gas treatment and by workers wearing 
appropriate PPE. 



Community health and safety during 
implementation 



Accidental drying at the excavation site would have significant 
community health and safety consequences due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by maintaining a large volume of excess water at the 
excavation site and also sand for smothering P4 fires. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. Air could be affected by the 
release of particulate P4, phosphine, and P2O5/phosphoric acid vapors. 
Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by keeping the excavation site flooded 
and containing the site groundwater by hydraulic containment (P&T 
wells). 



Post-implementation impacts on the 
environment and the community 



The excavated site would be filled with uncontaminated (treated) soil. 



Overall discussion of advantages and 
disadvantages 



The main advantage of thermal-hydraulic dredging over mechanical 
excavation and cutter suction dredging is that it could be performed 
remotely, thus greatly reducing worker health and safety risks, and it 
would minimize the chance of the pump and pipeline becoming clogged 
due to large pieces of P4 (would be melted prior to suction). Furthermore, 
the removal and transport of P4 materials as a slurry (~10 wt% solids) 
would minimize the risk of large masses of P4-bearing materials drying 
out and igniting. The overall advantage would be minimizing the risk to 
workers. The main disadvantages of the method would be the need for 
large volumes of water, thermal input, and the inevitable equipment 
failure and complications (e.g., clogging of pumps and pipes by rocks) 
associated with its use.  
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5.2.5 Summary on Appling Excavation Methods to the FMC Site 
 
 Table 5-10 matches the major white-phosphorus-bearing regions at the FMC site with the 
most promising excavation method for each region. All three excavation methods would require 
large amounts of water. Cutter suction dredging and thermal-hydraulic dredging would require 
the complete flooding of former pond sites, all of which were dewatered prior to 1982. The most 
likely source of water for excavation would be groundwater extracted as part of a hydraulic 
containment program (P&T) designed to prevent contaminants associated with the P4-containing 
soil and debris from downgradient migration and going off site. The hydraulic containment plan 
discussed in MWH (2010) states that a groundwater extraction rate of 530 gpm would be 
required. This supply of 3,780 yd3 of water per day would be adequate supply for excavation. 
 
 To put these numbers in perspective, here are some data. It is estimated that the total 
volume of P4 wastes and fill in the former ponds is 595,820 yd3 (FMC 2010). Based on the 
assumption that there is 50% porosity, the former ponds contain 297,910 yd3 of void space that 
needs to be saturated before or during excavation. Based on a groundwater extraction rate of 
530 gpm (3,780 yd3 of water per day), there would be enough water to fully saturate the former 
ponds in approximately 79 days. 
 
 Observations during site investigations revealed that in some places, the crushed slag fill 
had become compacted and formed solid layers up to several feet thick (FMC 2010). The 
presence of these relatively dense layers would be revealed by geophysical surveys of the 
excavation site during the characterization and planning phase of the excavation project (e.g., by 
ground-penetrating radar or seismic reflection). Such layers would likely require removal using 
mechanical excavation techniques. 
 
 Process knowledge regarding the addition of white-phosphorus-bearing materials to the 
former pond impoundments indicates that the P4 concentration in these materials would likely 
vary considerably. It is noted in MWH (2010) that the addition of precipitator slurry to the ponds 
might have concentrated the white phosphorus due to the method of discharge. It was observed 
that P4 was in a molten state within the discharge pipe (>44°C), but it rapidly solidified upon 
entering the lower-temperature pond sediments. It thus formed highly concentrated masses or a 
monolith of P4 at the pipe outlet. The discharge pipes were moved periodically to evenly 
distribute the P4-containing soil and debris within the ponds, so these highly concentrated 
masses of P4 would be distributed throughout the impoundments (MWH 2010). It is possible 
that the blades on the cutter suction dredge head will not be able to cut through the solid masses 
of P4. These masses could be readily broken down, however, by using a steam lance fitted to the 
dredge head. 
 
 Due to the variability of the characteristics of the white-phosphorus-bearing material in 
each remediation area, it is likely that all three excavation methods would play important roles in 
removing the P4-containing soil and debris for treatment. All three methods have unique sets of 
advantages and disadvantages that make them complimentary to each other. 
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TABLE 5-10 Most Promising Excavation Method for Each White Phosphorus-Bearing Region 
of the FMC Sitea 



Location 



 
Max. P4 



Mass 
(tons) 



Likely 
P4 Conc. 



(wt%) 
Area 



(acres) 



Depth to 
Native Soil 
or to P4 (ft) 



Total Fill 
Volume 
(yd3)b Best Excavation Method 



       
Capillary fringe, 
RU 1, RU 2, 
RA-B 



5,470 50 7.8 90 to P4 2,500,000c In situ treatment or 
mechanical excavation 
(open pit) 



       



Pond 7S, RU 22b, 
RA-C 



4,420 20 3.6 20 116,160 Cutter suction dredging 



       



Pond 6S, RU 22b, 
RA-C 



3,000 10 2.3 20 74,213 Cutter suction dredging 



       



Railcars, RU 19, 
RA-F  



2,000 25 –d 120 to P4 300,000c Mechanical excavation 



       



Pond 3S, RU 22b, 
RA-C 



1,070 10 1.2 20 38,720 Cutter suction dredging 



       



Pond 5S, RU 22b, 
RA-C 



1,000 10 1 20 32,267 Cutter suction dredging 



       



Pond 4S, RU 22b, 
RA-C 



790 10 0.8 20 25,813 Cutter suction dredging 



       



Pond 10S, RU 22b, 
RA-C 



390 10 1 20 32,267 Cutter suction dredging 



       



Pond 2S, RU 22b, 
RA-C 



100 10 0.8 20 25,813 Cutter suction dredging 



       



8S material, RU 13, 
RA-C 



60 0.25 3.6 23 66,630 Mechanical excavation 



       
Pond 1S, RU 22b, 
RA-C 



30 1 0.5 20 16,133 Cutter suction dredging 



       



Railroad swale, 
RU 22b, RA-C 



10 1 2.4 14 54,208 Mechanical excavation 



       



Subsurface pipes, 
throughout RA-B, 
RA-C 



Unknown Up to 
100 



– 10 – Mechanical excavation 



       



RU 19c, 21 buried 
railcars 



200–2,000 10–25 – 80–100 – Mechanical excavation, 
see Section 5.5.2  



 
a The criteria used for determining the most promising methods are presented in Tables 5-1, 5-2, and 5-3. 



b Rough estimate based on simple geometric calculation: area × depth to native soil. 



c From MWH (2010).  



d Dash means not applicable. 
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5.3 EX SITU TREATMENT TECHNOLOGIES 
 
 
5.3.1 On-Site Incineration 
 
 



5.3.1.1 Description 
 
 Incinerators are used for the treatment of both liquid and solid waste streams. As 
discussed in Section 5.3.7, full-scale incineration facilities are located throughout the United 
States. In addition, mobile, transportable incinerators are sometimes temporarily installed and 
operated at a given waste management site. There are a number of different types of incinerators, 
including these four: 
 



• Rotary kilns, 
 



• Fluidized-bed units, 
 



• Liquid injection units, and 
 



• Fixed hearth units.  
 
 The rotary kiln design is of interest for a number of reasons. Rotary kiln incineration 
systems are flexible, allowing liquids, solids, and sludge having wide variations in heating value 
to be treated simultaneously. A rotary kiln incineration system consists of four fundamental 
parts: (1) waste feed system, (2) combustion chamber, (3) solid residuals handling component, 
and (4) air pollution control component. Waste can be fed into the combustion component by 
diverse feed systems, such as ram feeders and sludge feed systems, or by liquid injection 
systems. The combustion component consists of a refractory-lined cylinder that is tilted at a 
slight angle. The combustion chamber rotates around its long axis during operations, causing the 
solids to move in a downgradient direction toward the exit of the kiln and into a solids/ash-
handling area. Air handling equipment is used to evacuate combustion by-products from the 
combustion chamber for treatment (potentially in a secondary combustion chamber) and in air 
pollution control equipment. 
 
 



5.3.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC acknowledged that incineration technology is potentially applicable to P4 waste 
(MWH 2009, 2010). Using on-site incineration as an ETT for the volume of waste found in 
historical ponds would have to be preceded by one or more of the ancillary technologies 
discussed in Section 5.2. Because dredged historical pond residuals would be saturated or nearly 
saturated, dredged waste residuals would probably need to be at least partially dewatered prior to 
the waste feed process. Partially dewatered waste and any excavated soil would have a low 
British thermal unit (Btu) value and would require large amounts of energy to ensure incineration 
occurs at design temperatures. Incineration would result in the release of large amounts of carbon 
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dioxide, a greenhouse gas. Waste residuals would need to be physically preprocessed (crushed, 
ground, etc.) and blended to suit the waste acceptance criteria (WAC) required for optimal 
operation of the incinerator technology. 
 
 Thermal technologies such as incineration have been designated as at least one of the 
recommended technologies that could be used to deactivate RCRA characteristics, such as 
ignitability (D001) and reactivity (D003), prior to land disposal. The LDR treatment standards 
were promulgated to provide protections should any hazardous waste be destined for land 
disposal. As a result, the awareness of a recommended technology like incineration that is meant 
to achieve a protective standard prior to land disposal informs the consideration of ETTs in this 
report. Excavating residuals from the historical ponds would trigger the LDRs, since the 
residuals would likely be considered hazardous because of D001 and/or D003 characteristics. 
Since incineration is listed as a recommended technology for deactivating the noted RCRA 
characteristics, incineration is applicable for consideration as an ETT. 
 
 Incineration technology has a fairly extensive track record. Transportable rotary kiln 
incinerators have been used at a number of national and international sites. Since 1982, on-site 
incineration has been used as a treatment technology at a Superfund site more than 40 times 
(EPA 2013). No mobile, transportable incinerator investigated by Argonne was used to treat 
P4-containing waste. However, on-site incineration at the Bayou Bonfouca Superfund site in 
Slidell, Louisiana, did require the dredging and dewatering of sediment prior to incineration. 
Approximately 165,000 yd3 of sediments contaminated with polyaromatic hydrocarbons were 
treated in a rotary kiln incinerator at a rate of approximately 25 tons/hr (EPA 2001). The 
volumes of the treatment residuals (165,000 yd3 at Bayou Bonfouca and 500,000 yd3 in the 
historical ponds) are comparable in terms of scale. The fact that sediment was dredged and 
dewatered prior to incineration makes the incineration history at Bayou Bonfouca somewhat 
analogous to how the historical ponds would need to be addressed, and it demonstrates the 
feasibility of dredging, dewatering, and then incinerating a waste stream. 
 
 In addition, a rotary-kiln-type design appears to be particularly applicable for treating 
residuals containing P4 in the historical ponds. There are at least two examples of rotary-kiln-
type incinerators being used to treat the P4 contained in military munitions. 
 
 Spreewerk Lubben (in situ leaching or ISL) operates what is referred to as an Army 
peculiar equipment (APE) rotary kiln incinerator that is used to decharacterize munitions 
containing white phosphorus (Spreewerk 2007). Figure 5-10 depicts the APE incinerator in 
Lubben, Germany. The system includes a conveyor feed system, afterburner, and slurry feed 
system with thick wall retort sections. It reportedly meets stringent German environmental 
standards and North Atlantic Treaty Organization safety regulations. 
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FIGURE 5-10 Spreewerk Lubben (ISL) Rotary Kiln Incinerator (Source: Wilkinson and 
Watt, 2006) 
 
 
 Since approximately 1989, the Army has operated a modified rotary kiln furnace to 
process white-phosphorus-containing military munitions. The facility has the capacity to process 
11,500 lb of white phosphorus per day. The APE design provides for the collection and 
modification of heated vapors, thereby allowing for the production of 48,000 lb of 
75% concentrated phosphoric acid. The efficient, state-of-the-art system provides for removing 
the hazards associated with elemental phosphorus while repurposing the phosphorus as 
phosphoric acid that can be used in downstream manufacturing operations (Howell 2014; Rainey 
and Zaugg 1990). 
 
 Bench-scale and/or pilot-scale studies might have value with regard to implementing this 
ETT. Studies might be needed to determine the optimum incinerator waste acceptance criteria in 
terms of parameters like percent moisture, percent P4 content, waste size, etc. Studies might also 
be needed to determine whether phosphoric acid recovery is economically and technically viable, 
and, if it is, how to identify and divert the recoverable P4 stream from all the residuals generated 
by the excavation ETT. Studies might also be required if or whether incinerator residuals can 
achieve the RCRA universal treatment standards (UTSs). 
 
 



5.3.1.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-11. 
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TABLE 5-11 On-Site Incineration Based on ET Review Parameters 



 
Review and Evaluation Parameter On-Site Incineration 



 
Process maturity 



 
Mature, with full-scale systems designed to treat white-phosphorus-
containing military munitions in operation. 



Limitations • The parameter discussion for excavation technology in 
Section 5.2 applies.  



• Stakeholder acceptance for on-site incineration, on-site disposal 
of incinerator residuals, or transport of incinerator residuals off 
site would be required. 



• Feed materials would require dewatering and blending to meet 
moisture and other incinerator WAC; the higher the moisture 
content, the higher the energy requirements.  



• Incinerator by-products (ash, slag, emissions, wastewater) would 
require additional treatment.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



The time needed to plan for ancillary technology and excavation 
support and handling incinerator by-products is estimated to be 1 year. 
The time needed to incinerate waste is estimated to be more than 
10 years. 



Effectiveness of removing and/or treating 
P4 on site 



• The technology is considered to be effective at removing P4 risks.  
• Incineration alone would not be likely to address underlying 



constituents (UCs).  
• Post-incineration residual conditioning (PIRC) would be required 



for UCs.  
• A CAMU, a CERCLA disposal site, or an off-site disposal site 



would need to meet the disposal site’s WAC, including the criteria 
related to the waste’s naturally occurring radioactive material 
(NORM) content, if applicable. 



Process safety for site workers during 
implementation 



The parameter discussion for excavation technology in Section 5.2 
applies. For ancillary technology and incineration, moderate risks 
would be mitigated by project planning and the regulatory 
environment.  



Community health and safety during 
implementation 



• The parameter discussion for excavation technology in 
Section 5.2 applies.  



• For incineration alone, risks would be low to moderate.  
• For PIRC, it is assumed risks would be low.  
• Risks might be created from transporting incinerator residuals off 



site by truck or by rail. 
Impacts to the environment during 
implementation 



• The parameter discussion for excavation technology in 
Section 5.2 applies. 



• For incineration or PIRC, impacts on soil would be minimal. 
Incinerator air emissions might be comparable (in terms of risk) 
with emissions that occurred when the Pocatello plant was 
operating. 
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TABLE 5-11 (Cont.) 



 
Review and Evaluation Parameter On-Site Incineration 



  
• Permit requirements would tend to mitigate the impact of 



emissions to air or surface water.  
• Any treated wastewater could be reused for ancillary technology. 



Post-implementation impacts on the 
environment and the community 



The parameter discussion for excavation technology in Section 5.2 
applies. The P4-associated risks would be removed within the areas 
that could be excavated. The remediated footprint could be 
repurposed. 



Overall discussion of advantages and 
disadvantages  



Advantages would be as follows: 
• The process is mature. 
• The reactivity and ignitability components could be removed. 
• Phosphorus could be reclaimed and marketed as phosphoric 



acid. 
• Incinerator residuals could be disposed of on site in a CAMU 



without treatment or in a non-CAMU with treatment.  
 
Disadvantages would be as follows: 



• It might be difficult to gain regulatory and public acceptance 
of the on-site incineration technology. 



• It might be difficult to gain stakeholder acceptance if 
incinerator residuals have to be transported on 
public roads for off-site land disposal. 



• Incineration residuals would require treatment to achieve 
LDRs (if the waste were to be disposed of at a non-CAMU 
facility on site). 



• The NORM content of the incineration residuals could limit 
or preclude the use of off-site disposal sites. 



 
 



5.3.1.4 Overall Likelihood of Success at FMC 
 
 The likelihood of achieving success at the former FMC plant would depend on several 
factors, including these: 
 



• Public acceptance of and regulatory approval for constructing and operating a 
mobile incinerator;  



 
• Being able to design and operate an excavation technology, ancillary 



technologies, and stage accumulated dredged materials so that incinerator 
WAC could be achieved; and 



 
• The fate of waste residuals from the incinerator. Public acceptance is needed 



to dispose of waste on land on the former FMC plant grounds or to allow 
incinerator residuals to be transported from the former FMC site to an off-site 
disposal facility. 
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 If stakeholder acceptance was obtained and if regulatory approval was granted, this ETT 
would have a moderate to high chance of achieving success at the former FMC plant. The 
maturity of the process suggests that the technology could readily remove the ignitability and 
reactivity components associated with the P4 waste. If the P4 present could be recovered and 
re-purposed as phosphoric acid, and if the decharacterized waste residuals from the incinerator 
could be disposed of in a CAMU on site, the ETT would probably have a high chance of success. 
 
 
5.3.2 Drying/Mechanical Mixing with Containment 
 
 



5.3.2.1 Description 
 
 In July 1986, in Miamisburg, Ohio, a railroad tank car containing 12,000 gal of liquid P4 
(approximately 40,000 L, 170,000–175,000 lb) derailed and burst into flames next to Bear Creek, 
a stream leading to the Great Miami River. The P4 within the railcar was covered with 2,500 lb 
of water to preclude oxidation, and the car was maintained at a constant 45°C to keep the P4 in a 
liquid state during transport. As a result of the derailment, the railcar was compromised, and both 
the P4 and the water overlying it were released to the environment (Scoville et al. 1989). 
 
 The initial emergency response effort was quite extensive, involving evacuations, fire-
fighting equipment, the Ohio Environmental Protection Agency, the Ohio governor’s office, the 
Miamisburg city manager and staff, federal agencies, police, hazardous materials specialists, air 
monitoring crews, SMEs, and a number of emergency support groups. Initially, fire and 
emergency response crews tried to put out the fire, but eventually, the railcar was moved to a 
more isolated area where the fire was allowed to burn itself out. It took more than five days for 
the fire to subside (State of Ohio Disaster Services Agency 1986). 
 
 It was estimated that several thousand gallons of P4 escaped into the surrounding soil and 
stream sediments. In addition, copious amounts of water were used to try to blanket the P4 and 
limit further oxidation (Scoville et al. 1989). While this water helped to minimize the amount of 
smoke and particulates that escaped from the response area, it is likely that it also increased the 
amount of media contaminated with P4. 
 
 P4-containing soil and stream sediment were removed and treated by exposing the 
sediment to the open air on bermed asphalt pads that were specially built to treat the 
P4-containing soil and sediment. Each pad was approximately 2,000 m2 (about 0.5 acre), and the 
contaminated soil and sediment were placed on each pad to a depth of 15 to 20 cm 
(Scoville et al. 1989). 
 
 The soil and sediment were first passed through a sorting machine to remove rocks and 
thereby minimize damage to the equipment being used to cultivate the contaminated soil and 
sediment. After the sediment was placed on the pads, tractors with cultivator disks were used to 
turn it so the P4 would be constantly exposed to the air, thus increasing the rate of oxidation. The 
soil and sediment were also heated by propane heater blowers attached to the rear of the tractor, 
and hydrogen peroxide was used to enhance oxidation (Scoville et al. 1989). 











 



79 



 The soil and sediment were treated for a period of 12 to 24 hours — the amount of time 
needed to reduce the P4 to less than 10 mg/kg. It was determined that the material would no 
longer be ignitable once the P4 was reduced to concentrations of less than 10 mg/kg in the 
material. Estimates were made that 7,500 yd3 of soil and sediment were treated over a period of 
approximately 12 weeks (Scoville et al. 1989). 
 
 In addition to open-air drying/mechanical mixing, a number of other remediation 
alternatives were also considered. These included the following: 
 



• Reaction of the P4 by heating the soil and sediment in a modified asphalt 
drier, 



• Oxidation of the P4 by adding hydrogen peroxide to the soil and sediment, 
 



• Physical separation of the P4 from the soil and sediment by heating the 
mixture to the P4 melting point, and 



 
• Reaction of the P4 by exposing the soil and sediment to air on a pad enclosed 



within a containment structure. 
 
 Based on evaluations of feasibility, cost effectiveness, and time constraints, the open-air 
drying/mechanical mixing approach was selected. Although the cultivation operation could have 
been conducted under a containment structure, emissions of reaction products to the open air 
were kept to allowable levels (i.e., <0.02 mg/m3 of phosphoric acid). Work was curtailed, 
however, when the direction of the wind was toward the closest houses. Work was conducted 
only during daylight hours (Scoville et al. 1989). 
 
 The Miamisburg incident and the resulting remediation effort were the basis for 
considering drying/mechanical mixing with a containment option for application to FMC. 
 
 The use of a containment structure was optional because, as was the case for the 
Miamisburg remediation, FMC might be able to conduct this type of operation in the open air 
and still meet emission requirements. Argonne notes, however, that it might be more difficult for 
the EPA to approve an open-air option and for the public to accept it. This possibility is 
especially likely when the proximity of Highway 86 and other infrastructure to the FMC site is 
taken into consideration. However, if FMC could demonstrate that the operation can be 
conducted safely, with emissions being below acceptable levels in open air, this option could be 
considered further. An additional advantage of employing a containment structure would be its 
ability to keep “the elements” away from the treatment area. In this manner, added precipitation 
could be precluded, and operations would not be affected by temperature extremes or the 
direction or speed of the wind. 
 
 Use of a containment structure during P4 remediation was applied at a P4 site located 
outside Tarpon Springs, Florida (EPA Region 4 2013). In this case, the containment structure 
was referred to as a “tent,” so it might not have been an airtight structure. 
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 The type of containment structure Argonne is suggesting for this particular option is 
depicted in Figure 5-11. The containment structure could be built over an impervious pad, such 
as the pad used at the Miamisburg site, or it could be situated on the ground surface itself. If it is 
placed over an impervious pad, a portion of the area under the structure could consist of a 
remediation parcel, and the other portion could be reserved for the impervious surface. 
 
 These types of containment structures can be built in various sizes and are in common 
use in some industries. For example, similar devices have been used for years for remediating 
sites that contain chemical weapons or that are contaminated with chemical warfare agents 
(National Research Council 2012). 
 
 Furthermore, these structures could be equipped with an off-gas treatment system in 
order to meet requirements for emissions before the exit into the environment. Also, a negative-
air-pressure system could be used in tandem with the emissions control to continually draw 
contaminated air above the treatment surface and into the off-gas treatment system. Air monitors 
could be placed in designated locations within the structure to help establish worker protection 
requirements and select appropriate PPE. In addition, special lighting could be employed inside 
the structure to help deal with the limited vision associated with off-gassing from 
P4-contaminated materials. Lighting would also allow for 24-hour operation if it was needed. 
Fans could be used to draw emissions from the contaminated media into the off-gas treatment 
system more quickly; this too could help improve vision within the structure. Another option — 
automated tractors with disking equipment, which are often used in farm applications — could 
be employed to limit the need for personnel to work inside the structure. Finally, the inside 
 
 



 



FIGURE 5-11 Example of Containment Structure (Source: Mahaffey 
Fabric Structures 2015) 
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environment of the structure could be air conditioned to maintain the temperature below that 
which would cause P4 to spontaneously ignite or oxidize. 
 
 In addition, this type of structure is considered transportable; it could be moved from 
location to location as remediation is completed at one portion of the site and started at another. 
This might be the ideal situation for FMC, considering the difficulties involved in minimizing 
oxidation if contaminated media were to be transported from one location on site into the 
containment structure instead of being treated under the structure at the point of extraction. 
Multiple containment units could also be employed, as deemed appropriate, to speed the 
remediation effort. 
 
 The drying/mechanical mixing with a containment option could also be combined with 
some type of on-site disposal for residuals that remained after treatment and contained heavy 
metals or other underlying constituents that did not meet LDR treatment standards. For example, 
residual solids might be disposed of on site as part of the CERCLA remedy, or they might be 
placed on site in a RCRA CAMU. On-site disposal is discussed further in Section 5.4.1. 
 
 



5.3.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The drying/mechanical mixing with a containment option is applicable to the FMC site. 
Ideally, the P4 in soil and debris with high P4 concentrations could be recovered (e.g., in 
material with 1%–10% and higher P4 concentrations). Residuals with P4 concentrations that are 
less than the low percentage levels (including residuals left over from treatment to remove 
recoverable P4) might be most suitable for this treatment option. The added advantage of not 
subjecting soil and debris with higher percentage level concentrations of P4 to this treatment 
option is that soil and debris with these concentrations could burn or smoke excessively, making 
worker conditions difficult or dangerous. 
 
 Open-air drying/mechanical mixing was shown to be successful at the Miamisburg, Ohio, 
site. Application of this technology under a containment structure (tent) for P4 remediation was 
shown to be successful at the Stauffer chemical site in Florida. 
 
 While drying/mechanical mixing with and without a containment structure have been 
applied successfully in the past, bench-scale and pilot-scale studies would be helpful. Bench-
scale testing could help, for example, in determining whether the technology could be applied 
safely and meet air emission requirements at FMC without a containment structure. Furthermore, 
these studies could be employed to evaluate other factors like these: 
 



• Ideal ranges for P4 concentrations, 
 



• Utility of using heat to enhance oxidation (as employed at the Miamisburg 
site), 



 
• Utility of using oxidants such as hydrogen peroxide to enhance oxidation (as 



employed at the Miamisburg site), 
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• Throughput, 
 



• Working conditions (potential for fires and visibility issues), and 
 



• Appropriate levels of PPE. 
 
 If it can be shown during bench- and pilot-scale testing that drying/mechanical mixing 
can be done safely without a containment structure, the remediation effort would likely be more 
efficient and less costly. 
 
 Another item mentioned above is throughput. To use this technology, it would be 
important to be able to estimate how much time would be needed to treat soil and residuals that 
contained optimal P4 levels. At the Miamisburg site, it is estimated that 7,500 yd3 of soil and 
sediment were treated over a period of about 12 weeks (Scoville et al. 1989). At this rate, and 
considering that the FMC site would contain much larger amounts of P4-contaminated soil and 
debris that could be amenable to this technology, treatment could take many years at the FMC 
site. However, multiple units could be employed, as could options that might increase the 
reaction rates. Bench- and pilot-scale testing might be especially helpful for estimating 
throughput. 
 
 



5.3.2.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-12. 
 
 



5.3.2.4 Overall Likelihood of Success at FMC 
 



The overall likelihood of success of the drying/mechanical mixing with containment 
option appears to be favorable. This technology has been applied previously at a P4 rail spill site 
in Miamisburg, Ohio (without a containment structure), and it has been used at the Stauffer 
Chemical P4 remediation site outside Tarpon Springs, Florida (with a containment structure). 
 



This technology would likely be effective for soil and debris containing a relatively low 
amount of P4. The EPA, Region 9 RSL for an industrial setting for P4 is 23 mg/kg. The 
23-mg/kg level could be considered the target level for treatment of P4 soil and debris. This 
technology would likely not be desirable for soil and debris containing moderate to large 
amounts of P4, due to potential for large fires and excessive emissions that could result in low 
visibility and possibly exceedances of emission requirements. The upper limit for P4-containing 
soil and debris using this ETT is estimated to be between 1,000 and 10,000 mg/kg, perhaps up to 
100,000 mg/kg. The upper limit concentration should be evaluated during bench-scale and pilot-
scale testing to determine the optimum upper level concentration of P4 that would be amenable 
to this type of treatment. 
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TABLE 5-12 Drying/Mechanical Mixing with Containment Option Based on ETT Review 
Parameters 



 
Review Parameter Drying/Mechanical Mixing with Containment Option 



 
Process maturity 



 
• Drying/mechanical mixing (open-air oxidation) was applied at a 



P4 train derailment site in Miamisburg, Ohio, in 1986, with 
acceptable results. No containment structure or emission controls 
were used, and the result was that “smoke” was released to the 
environment. Emission requirements were met by limiting 
operations to specific weather conditions. 



• Although the drying/mechanical mixing process has not been used 
recently, it is considered a full-scale technology. However, bench-
scale or pilot-scale testing might be helpful in establishing 
operating conditions. 



Limitations • The primary impediment associated with this method is that it 
would be limited to contaminated media with P4 concentrations 
between 23 and 1,000 mg/kg up to 10,000 mg/kg or possibly even 
higher (approaching 100,000 mg/kg). This technology is not 
recommended for highly concentrated P4 soil and debris. 



• Another limitation is that the process might require prior sorting 
of contaminated media to remove large rocks or similar materials, 
since these can damage mechanical mixing equipment. 



• A further limitation is that the process would require large areas 
for application (e.g., up to possibly 0.5 acre or more). 



• Residuals from drying/mechanical mixing would require 
additional waste treatment to comply with RCRA LDRs, or they 
could be managed in an on-site CERCLA landfill or in a RCRA 
CAMU. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with treatment (for the more 
concentrated P4 levels), and a disposal ETT. 



Time to implement (not including 
permitting and approvals) 



• If a football-field-sized plot was used (e.g., 50 × 100 yd), and if 
the contaminated media depth was 5 to 8 in., and if it took 
24 hours to reduce the P4 concentration to less than 23 mg/kg, and 
also if the long lead times for site and materials preparation and 
removal of treated media were considered, about 22,500 ft3 of 
media could be treated every 5 to 7 days. 



• The time needed for implementation would depend on the total 
amount of contaminated media within the range of 
P4 concentration between 23 and 1,000 mg/kg and possibly up to 
10,000 mg/kg or higher. 



Effectiveness of removing and/or treating 
P4 on site 



• The process might be able to be enhanced through the use of 
various oxidants. For example, hydrogen peroxide was applied at 
the 1986 derailment site to increase P4 oxidation rates. 



• Drying/mechanical mixing would be effective in reducing 
P4 concentrations to less than 23 mg/kg. 



• Residuals would need to meet RCRA LDRs, or they could be 
managed in either a RCRA CAMU or a CERCLA landfill or sent 
to off-site disposal. 
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TABLE 5-12 (Cont.) 



 
Review Parameter Drying/Mechanical Mixing with Containment Option 



 
Process safety for site workers during 
implementation 



 
• The safety risk for drying/mechanical mixing could be considered 



moderate to high. 
• Appropriate engineering controls and PPE might bring worker 



risks to acceptable levels. 
Community health and safety during 



implementation 
• The health risk to the community from this process could be 



considered moderate. The health risk would be low if a 
containment device were employed. 



• Appropriate engineering controls (e.g., an airtight sprung structure 
over a remediation site with emission controls) might facilitate 
community acceptance. 



Impacts to the environment during 
implementation 



• Open-air drying/mechanical mixing would have a moderate to 
high impact on the environment, even if air emission requirements 
could be met. 



• A properly constructed and operated drying site with containment 
would have minimal impacts to soil, surface water, and 
groundwater.  



Post-implementation impacts on the 
environment and the community 



Assuming that all contaminated P4 materials that were in the range of 
23 to 1,000 mg/kg and possibly up to 10,000 mg/kg or higher were 
treated in the drying/mechanical mixing process, post-implementation 
impacts would be limited to any waste residuals that were left behind 
(e.g., in an on-site CERCLA landfill or a RCRA CAMU). 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• It is a proven technology, although it has not been used 



recently. 
• It employs a simple design and is easily understood. 
• It could remove most of the P4 from moderately 



contaminated media in the 23 to 1,000 mg/kg and possibly up 
to 10,000 mg/kg or higher. 



• If a containment structure was employed, gases emitted 
during treatment would be collected and passed through 
emission controls prior to their release. 



• It is anticipated that public approval would be favorable. 
 
The disadvantages are as follows: 



• It could be applied only to moderately contaminated media. 
• The media would require a significant amount of preparation 



(e.g., sorting to remove large rocks). 
• It would require long lead times before the actual treatment in 



order to prepare the media and the plot and would also 
require long times after the treatment to remove the treated 
media. 



• Waste residuals would require further treatment to meet 
RCRA LDRs; they could be managed in a CERCLA landfill 
or in a RCRA CAMU. 



• The cost would be high relative to the cost of cap and cover 
options. 
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5.3.3 A&W Mud Still Batch Process 
 
 



5.3.3.1 Description 
 
 The A&W mud still is basically a batch distillation process wherein P4-containing 
materials are placed in a metal container and heated to drive off water and recover P4. The A&W 
process was patented in 1978 and has been used to treat P4-containing materials at three 
facilities. One primary advantage of the mud still over other technologies is that the still can 
handle monolithic chunks (e.g., slag, rocks) as long as they can fit into it. Hence, the mud still 
would not require prior mechanical sorting or grinding to reduce the size of the chunks to be 
treated unless they were very large (Franklin Engineering Group 2007). Another salient attribute 
of the mud still is that it is a recovery process, so the P4 can be recovered and sold as product. 
 
 Operation of the mud still is actually fairly simple. P4-containing materials are loaded 
into the still, which is then gradually heated to a temperature of 1,112°F. The P4 is driven off at a 
temperature of 522°F. Red phosphorus is driven off as the temperature approaches 1,112°F. The 
P4 is condensed and concentrated, and although it contains some impurities, it can be sold as 
product. Noncondensible gases, including PH3, H2, and N2 are thermally treated, and scrubbers 
are used to reduce particulate emissions. After it cools down, the recovered P4 is removed and 
the still is emptied of residuals and then reloaded with another batch of raw material. The process 
for a single batch can take 20 to 30 hours (Franklin Engineering Group 2007). 
 
 Use of the mud still has been studied extensively at the Silver Bow RCRA site located 
outside Butte, Montana (Franklin Engineering Group 2007, 2011, 2012; Barr 2014). The mud 
still that was tested at the Silver Bow site was fabricated in order to test the mud still concept. It 
consisted of a section of 24-in. Schedule 40 stainless steel pipe, with a flat plate for a bottom and 
a stainless steel flange at the top for attaching a lid. The lid was also equipped with an agitator to 
promote heat transfer and improve efficiency. Once filled, the still assembly was placed inside an 
electric furnace, where heating occurred. The design capacity for the device used during the 
treatability study was about 3 ft3 of clarifier material (Franklin Engineering Group 2012). 
 
 The Silver Bow site is similar to FMC in many respects. Owned initially by Rhodia Inc., 
the site smelted slag and produced P4. It started operations in the early 1950s and closed them in 
1997. The site was subject to RCRA corrective action (cleanup requirements) via a RCRA 7003 
Order that was issued in 2000. Rhodia conducted extensive work to comply with the 7003 Order. 
In 2011, Solvay S.A. acquired Rhodia, and Rhodia, Inc., became a member of the Solvay Group 
(Barr 2014). 
 
 The clarifier at the former Rhodia, Inc., phosphorus manufacturing facility in Silver Bow, 
Montana, contains phosphorus-rich waste. The clarifier is 100 ft in diameter, 12 ft deep, and 
open-topped, and it contains about 500,000 gal of phosphorus solids. The P4 contained in the 
solids is estimated to be about 20% by volume. The remaining material in the clarifier consists of 
water and solids, including phosphate, coke, and silica dust (Franklin Engineering Group 2007, 
2011, 2012; Barr 2014). 
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 Noncondensible gases produced by the mud still, including phosphine, hydrogen, and 
nitrogen, would be treated in a thermal oxidizer, and scrubbers would be installed to remove 
particulates. Permitting of the unit under Clean Air Act requirements would thus be necessary. 
 
 Residual solids remaining in the still after treatment would be collected and disposed of. 
The solids are subject to the RCRA regulations. Although the residual solids would no longer 
exhibit the RCRA characteristics of ignitability and reactivity (because P4 would have been 
driven off), they might contain heavy metals. Therefore, the residual solids might require 
additional treatment to meet RCRA LDR requirements (Franklin Engineering Group 2007). 
 
 In lieu of treating the mud still residuals to meet LDR requirements, the A&W mud still 
technology could also be combined with some type of on-site disposal to deal with residuals that 
remained after treatment and contained heavy metals or other underlying constituents that did not 
meet LDR treatment standards. For example, Solvay is proposing to manage the residual solids 
on site after treatment by using the mud still in a RCRA CAMU. On-site disposal is discussed 
further in Section 5.4.1. 
 
 The A&W mud still is likely to be chosen as the technology to treat the material in the 
Solvay clarifier. Solvay has indicated that the P4 that is recovered from the mud still could be 
used at some of its other facilities. Further, Solvay has indicated in the February 2014 Draft 
Supplemental Waste Report (P42) (Barr 2014): 
 



Future Commercial Operations – This facility could serve as a viable commercial 
P4 recovery facility for managing similar materials from other elemental 
phosphorus facilities. If Solvay decides to pursue commercial operations, then 
RCRA permitting pertaining to storage of hazardous waste might be required, and 
Solvay would obtain any required permit. 



 
 The mud still has been tested extensively at the Silver Bow site and shown to be a viable 
option for treating the material in the clarifier and recovering P4 (Franklin Engineering Group 
2011, 2012 ). A simplistic flow diagram of the mud still process is depicted in Figure 5-12. A 
photograph of the mud still in operation at the Silver Bow site is shown in Figure 5-13. 
 
 



5.3.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The A&W mud still is directly applicable to FMC soil and residuals that contain P4. 
During the Silver Bow treatability study testing, however, it was learned that the process could  
be especially well-suited for certain types of soils and residuals. The FMC Phase 3 treatability 
study report (Franklin Engineering Group 2012) states: 
 



Mixtures of clarifier feeds that are high in phosphorus and high in residual solids 
are more difficult to treat using this process. These types of feeds result in run 
times of excessive length, appear to cause excessive boiling and scaling of residual 
solids on the walls of the still, and unless left for an excessively long time can 
leave residues contaminated with elemental phosphorus. Because of this issue, 
some material in the clarifier may not be amenable to treatment using the still.  
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FIGURE 5-12 Flow Diagram of Mud Still Process 
(Source: Franklin Engineering Group 2007)  



 
 



 



FIGURE 5-13 Mud Still in Operation (Source: Franklin  
Engineering Group 2012) 
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 From these words, one could conclude that soils and residuals that contain high amounts 
of solids and P4 might not be directly amenable to treatment in the mud still. Some preparation 
of the soil and residuals might be needed to ensure that materials placed in the mud still could be 
successfully and efficiently treated. Since it is likely that some of the soil and residuals present at 
FMC might need to be excavated and pumped to treatment facilities, the material introduced into 
the mud still would likely have a reasonable amount of water added in order to improve 
consistency and flow and minimize oxidation. This could afford an opportunity to pre-prepare 
materials before their emplacement in the mud still. 
 
 Moreover, soil and residuals excavated from the FMC site that contain high amounts of 
P4 should perhaps not be treated in the mud still. Highly concentrated soils and residuals 
(e.g., those containing 60%–70% P4 or more) might be able to be containerized, shipped, and 
treated as product material. In essence, the excavation of soil and residuals with high amounts of 
P4 might be considered more of a mining operation than a remedial operation, resulting in a 
product and not a waste material. 
 
 Similarly, soil and residuals excavated from the FMC site that contain low amounts of 
P4 (e.g., more than 23 mg/kg and up to low percentage levels) might also not be ideal for 
treatment in the mud still. Soils and residuals with low P4 concentrations might make the mud 
still operations inefficient. This possibility has yet to be evaluated, because clarifier materials 
tested during the treatability study at Silver Bow contained P4 at approximately 20% by volume. 
Materials with low levels of P4 were not tested at the Silver Bow site. Hence, if the mud still 
were to be considered further for FMC, bench-scale and/or pilot-scale studies would be useful 
for determining the optimal range in feed materials with respect to FMC soil and debris and 
P4 concentrations. 
 
 Bench-scale studies would also be helpful in determining throughput, including 
throughput as a function of P4 and solids loading. As indicated above, the design capacity for the 
device used during the treatability study was about 3 ft3 of clarifier material, and it took 20 to 
30 hours to complete treatment of a single batch (Franklin Engineering Group 2012). While it is 
likely that a commercial-scale unit would have a higher capacity and also perhaps operate more 
efficiently, throughput would nevertheless be limited. Throughput would need to be examined 
and evaluated against other viable technologies. 
 
 Note also that even though it is uncertain, it is likely that a mud still will be employed at 
the Silver Bow site. A number of other alternatives, including capping and off-site incineration, 
were evaluated, but it appeared that the mud still has some distinct advantages over those 
alternatives. Most notable is its ability to recover much of the P4 and use it as product. No other 
alternative that was explored offered this advantage. 
 
 The timing of decisions at the Silver Bow site is also uncertain. Should a decision be 
made to use the mud still at Silver Bow, a production-scale unit would need to be designed and 
built. Also it is likely that a pilot-scale facility would need to run prior to full-scale application. It 
could be several years after a decision was made on Silver Bow before the facility would begin 
to treat waste materials. Nevertheless, it would be highly advisable, if the mud still is an 
acceptable alternative for FMC, to put off a final decision for FMC until after the mud still has 
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operated at Silver Bow for some time. The stakeholders at FMC could then benefit from 
observing progress, issues, and possible success at Silver Bow and use the knowledge as input 
when making a decision on whether to employ the mud still at FMC. 
 
 



5.3.3.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-13. 
 
 
TABLE 5-13 Assessment of A&W Mud Still Based on ETT Review Parameters 



 
Review Parameter Batch Mud Still 



 
Process maturity 



 
• The mud still process was patented in 1978 (A&W mud still). 



A batch mud still process has been used at three facilities for 
P4 sludge treatment. A three-phase treatability study for the 
mud still was conducted for the Silver Bow site in Montana. 



• The process requires significant upgrades for a commercial-
scale unit. 



• The batch mud still process is considered a pilot-scale 
technology. 



Limitations • The primary impediment associated with the batch mud still 
process is low throughput. Applying the pilot-scale unit to 
treat the material in the Silver Bow clarifier (500,000 gal) 
would take more than 100 years. The FMC materials that 
require treatment are much larger than the materials in the 
Silver Bow clarifier.  



• Another limitation of the batch mud still is that mixtures of 
waste feeds that are high in P4 and high in residual solids are 
more difficult to treat. 



• Application to mostly solid materials (e.g., soils and slags) is 
unproven. Water might need to be added to solids to facilitate 
distillation. 



• Using the batch mud still to treat materials with less than 
1,000 mg/kg of P4, or possibly even less than 10,000 mg/kg, 
would probably be inefficient. 



• Liquid effluent and solid residuals from batch mud still 
operation would require additional waste treatment to comply 
with RCRA LDRs, or they could be managed as part of an 
on-site CERCLA remedy or a RCRA CAMU. 



• The batch mud still process requires significant scale-up from 
go from pilot scale to full scale. 



• The NPV estimate for Alternatives 5 through 7 in the 
September 2010 Proposed Plan would be a comparable OOM 
estimate to implement this ETT in conjunction with an 
excavation and disposal ETT. 
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TABLE 5-13 (Cont.) 



 
Review Parameter Batch Mud Still 



 
Time to implement (not including 
permitting and approvals) 



 
• Applying the pilot-scale unit to treat the material in the Silver 



Bow clarifier (500,000 gal) would take more than 100 years. 
The FMC materials requiring treatment are much larger than 
the materials in the Silver Bow clarifier. 



• Operating larger-batch units or a number of units in tandem 
could significantly increase throughput. 



Effectiveness of removing and/or 
treating P4 on site 



• The batch mud still could be highly effective in removing 
P4 from waste materials. 



• Recovered P4 could be sold as product. 
• Residuals would need to meet RCRA LDRs, or they could be 



managed in a CAMU or as part of an on-site CERCLA 
remedy, or they might be sent off site for disposal. 



Process safety for site workers 
during implementation 



• The process safety risk for the batch mud still process could 
be considered moderate to high. 



• Appropriate engineering controls and PPE might bring 
worker risks to acceptable levels. 



Community health and safety during 
implementation 



• The process health risk for the community for the mud still 
process could be considered moderate. 



• Appropriate engineering controls (e.g., an airtight sprung 
structure over the remediation site, with emission controls) 
might bring the community risk to acceptable levels. 



Impacts to the environment during 
implementation 



• A properly constructed and operated batch mud still process 
would have minimal impacts on soil, surface water, and 
groundwater. 



• The batch mud still process would generate air emissions of 
potentially toxic gases. 



• Air releases of toxic gasses from the batch mud still process 
could be controlled with off-gas treatment or if the operations 
were performed under an airtight structure with emission 
controls. 



Post-implementation impacts on the 
environment and the community 



If all moderately to heavily contaminated P4 materials were 
treated in the batch mud still process, post-implementation 
impacts would be limited to any waste residuals that were left 
behind (e.g., treated to meet RCRA LDRs or managed as part of 
an on-site CERCLA remedy or in a CAMU). 



Overall discussion of advantages 
and disadvantages 



The advantages are as follows: 
• It is a proven technology through the pilot scale at 



present. 
• It can remove most of the P4 from on-site materials. 
• P4 generated during mud still batch treatment could be 



sold. 
• It is anticipated that public approval would be favorable. 
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TABLE 5-13 (Cont.) 



 
Review Parameter Batch Mud Still 



 
Overall discussion of advantages 
and disadvantages (Cont.) 



 
The disadvantages are as follows: 



• The batch mud still’s application to mostly solid 
materials (e.g., soils and slags) is unproven. 



• Throughput would be low unless larger or multiple units 
were applied. 



• Using the process to treat materials with less than 
1,000 mg/kg of P4, or possibly even less than 
10,000 mg/kg, would likely be inefficient. 



• Waste residuals would require further treatment to meet 
RCRA LDRs, or they could be managed as part of an 
on-site CERCLA remedy or in a CAMU. 



• The cost of the process is high relative to cap and cover 
options. 



 
 



5.3.3.4 Overall Likelihood of Success at FMC 
 
 The overall likelihood of success of the A&W mud still looks favorable. This technology 
has been applied previously at several sites, including a recent treatability study at the Silver 
Bow Site in Montana. This site is similar in several respects to the FMC site. Solvay has even 
suggested that the mud still might be able to be applied commercially for other P4 recovery 
operations. 
 
 However, it appears that there may be an optimal solids and P4 loading for materials that 
would be treated by the mud still. Whereas the technology would likely be effective with regard 
to soil and debris containing a moderate amount of P4, it might not be effective with regard to 
soil and debris containing moderately high or low levels of P4. As indicated in the Silver Bow 
Phase 3 treatability study, mixtures of clarifier feeds that are high in phosphorus and in residual 
solids are more difficult to treat by using this process. Soil and debris might, however, be 
pre-processed before being placed in the mud still to optimize its treatment potential. A 
significant amount of bench-scale and pilot-scale testing would likely be needed to determine 
optimal material feeds and operating conditions. 
 
 
5.3.4 Land Disposal Restriction Waste Treatment System (anoxic caustic hydrolysis, 



metals precipitation, filtration, stabilization) 
 
 



5.3.4.1 Description 
 
 The land disposal restriction (LDR) waste treatment system (WTS) is based on an anoxic 
process design. In general, lime and waste are combined under pressure in a heated reactor. 
Solids generated in the reactor are precipitated, filtered, and stabilized with additives. Exit gas 
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rich in phosphine and hydrogen is treated. The system was designed as an anoxic process that 
uses caustic hydrolysis under an elevated temperature and pressure. It was designed and built to 
handle soil and debris (wastes) generated by the then-active FMC plant.  
 
 The treatment system was also designed to treat about 113,400 gal/day of slurry dredged 
from Pond 18. Accumulated solids from Pond 18 that consisted of suspended solids at 3–8 wt% 
with P4 concentrations at 0–50 wt% were to be dredged and sent to a clarifier before being 
treated in the LDR WTS. The dredged slurry was to be sent to two lamella (inclined plate) 
clarifiers (referred to as an “inlet waste separator”) capable of producing an underflow slurry of 
20 wt%. Overflow was to be gravity-fed to a pond overflow collection tank. This tank was to be 
back-flushed to the pond during any pause in dredging to prevent the line from plugging. The 
underflow was heated in pond underflow slurry tanks to prevent temperatures from dropping 
below the temperature at which the phosphorus in the waste solid strainers would freeze (113°F).  
 
 The remainder of the LDR WTS plant consisted of the following unit operations: 
 



• Size reduction mill to control the size of waste feed from the waste solid 
strainers; 



 
• Reactor feed system consisting of three 6-hour storage tanks to provide for 



filling, testing, and feed equalization; 
 



• Reactor system consisting of two identical reactors designed to operate at up 
to 600 psig and 464°F;  



 
• Filtration system; 



 
• Wet filter cake stabilization system; 



 
• Residual management system consisting of roll-off boxes to allow residuals to 



be transported off site for disposal; the LDR WTS would have produced 
243 yd3 of residuals per day, or about 15 × 20 yd3 of roll-offs with soil and 
debris going to an FMC silica mine (Fyock 1999);  



 
• LDR WTS off-gas treatment system consisting of a thermal oxidizer system, a 



two-stage particulate scrubber system, a flare backup system, and a quench 
blowdown tank to remove accumulated solids and phosphoric acid; and 



 
• Phosphoric acid storage and loading system. 



 
 



5.3.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The LDR WTS is directly applicable to FMC. Bench-scale and pilot-scale studies using 
the technology have already been performed. A full-scale version of the LDR WTS was 
constructed at the FMC Pocatello site. The LDR WTS was designed and built specifically to treat 
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P4-containing solids and sediments present in the historical ponds. In particular, the design 
features that focus on the excavation, blending, dewatering, sizing, and treatment of residuals 
from Pond 18 seem to be directly applicable to the treatment of the waste present in the non-
RCRA historical ponds. 
 
 



5.3.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-14. 
 
 
TABLE 5-14 Assessment of LDR WTS (anoxic caustic hydrolysis, metals precipitation, filtration, 
and stabilization) Based on ETT Review Parameters 



 
Review Parameter LDR WTS 



 
Process maturity 



 
Mature, with a full-scale system designed and constructed, but never 
operated. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste could be excavated. 
• Waste acceptance would be needed. The feed materials would 



require dewatering and blending to meet moisture and other LDR 
WTS WAC.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



The amount of time is unknown; however, the LDR WTS was 
designed to treat Pond 18 residuals in 5 years (Haselberger 2000). 
Estimated time is 5 years for installation. Estimated time is 10 years for 
operations. 



Effectiveness of removing and/or treating 
P4 on site 



The LDR WTS is considered to be effective at removing P4 risks and 
treating residuals to address underlying constituents. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Risks for operating the LDR WTS are considered to be low to 
moderate and could be mitigated by design and regulatory controls. 



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Risks for operating the LDR WTS are comparable to the risks 
that existed when the FMC plant was operational. 



Impacts to the environment during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Impacts on soil and surface water would be minimal. Air 
emissions would be controlled, and they may be comparable (in terms 
of risk) to air emissions that occurred when the Pocatello plant was 
operating.  
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TABLE 5-14 (Cont.) 



 
Review Parameter LDR WTS 



 
Post-implementation impacts on the 
environment and the community 



 
The parameter discussion for the excavation technology in Section 5.2 
applies. With regard to P4 waste that could be accessed by excavation 
equipment, P4-associated risks from historical pond residuals 
(residuals located near the surface) would be removed. The remediated 
historical pond footprint could be reused as brownfield. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The water source needed for the excavation footprint would 



be available from the LDR WTS clarifier or groundwater 
P&T system.  



• The process is mature.  
• The reactivity/ignitability characteristics could be removed.  
• Reclaimed land could be reused as brownfield.  
• The phosphorus could be reclaimed and marketed as 



phosphoric acid.  
• The LDR WTS residuals could be disposed of on site or in an 



off-site landfill.  
 
The disadvantages are as follows: 



• It would be difficult to get regulatory and public acceptance.  
• The parameter discussion for the excavation technology in 



Section 5.2 applies.  
• LDR WTS residuals might require additional treatment to 



meet WAC at on-site or off-site disposal sites. 



 
 



5.3.4.4 Overall Likelihood of Success at FMC 
 
 Given the fact that the LDR WTS was designed and built specifically for the treatment of 
soil and debris generated by the FMC plant, the likelihood of its success there appears to be high. 
 
 
5.3.5 Wet Air Oxidation 
 
 



5.3.5.1 Description 
 
 In order to meet requirements in the FMC Pocatello RCRA Consent Decree of July 13, 
1999, FMC evaluated more than 50 waste management technologies capable of treating phossy 
waste. One technology evaluated was wet air oxidation (WAO) (MWH 1999). The WAO 
process involves the oxidation of organics or inorganics in water by using oxygen as the 
oxidizer. In WAO, the oxidation reactions occur in a reactor at elevated temperatures  
(150–320°C or 275–600°F) and pressures (10–220 barg [barg is the pressure, in bars, above or 
below atmospheric pressure of 0°C] or 150–3,200 lb/in.2 gauge or psig) (Siemens 2015). 
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A pilot-scale WAO evaluation was performed at the US Filter/Zimpro facility in 
Rothschild, Wisconsin, in 1998 (Figure 5-14). The pilot-scale evaluation also included lime 
adjustment of treated slurry and filtration of lime-adjusted slurry. It was determined that the 
WAO process could acceptably treat phossy wastes. Treatment followed by filtration and 
stabilization was proven to be effective in treating materials to meet RCRA LDR standards and 
other Consent Decree requirements (MWH 1999). 
 
 



5.3.5.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC performed pilot-scale studies using WAO. FMC demonstrated that WAO, followed 
by the conditioning and treatment of solid residuals and the treatment of off-gases, could 
successfully treat soil and debris from the former FMC plant. However, pilot-scale studies 
suggested that the WAO technology did not compare favorably with the anoxic process; the 
WAO process was viewed as being more complicated and less robust. The WAO process 
requires greater control of operational parameters and more heating and more efficient transport 
of oxygen into the slurry. The WAO process requires an N2 purge. The process could pose wet-
cake-handling issues that would require lime adjustment before filtration and stabilization in 
order to meet Consent Decree requirements. In addition, the design, operation, and permitting 
 
 



 



FIGURE 5-14 Typical Process Flow Diagram for Zimpro® Wet Air Oxidation (Siemens 2002) 
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requirements for the air pollution control aspects of the WAO could also be problematic 
(MWH 1999). FMC acknowledged additional technical challenges for using this technology.  
 
 



5.3.5.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-15. 
 
 



5.3.5.4 Overall Likelihood of Success at FMC 
 
 It is unlikely that WAO would achieve success at FMC without a protracted pilot-scale 
study and a full-scale design effort. A pilot-scale study demonstrated that WAO is more 
complicated and less robust than the anoxic caustic hydrolysis design and that strict control of 
operational parameters would be needed for the technology to succeed. 
 
 
TABLE 5-15 Assessment of Wet Air Oxidation Based on ETT Review Parameters 



 
Review Parameter Wet Air Oxidation 



 
Process maturity 



 
It is considered mature within the waste treatment industry with regard 
to treating a variety of waste streams. Only a pilot-scale version has 
been assessed for treating P4. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste could be excavated. 
• Testing did not specifically address historical pond residuals but 



instead focused on phossy wastes from the FMC plant. 
• Full-scale design and operating requirements are unknown. 
• The NPV estimate for Alternatives 5 through 7 in the September 



2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



Due to the lack of maturity of this method, the need for pilot studies, 
and the need for detailed site characterization, it is estimated that 3 to 
5 years for pilot-scale studies and construction would be needed to 
implement it and that 10 years would be required for operations. 



Effectiveness of removing and/or treating 
P4 on site 



A pilot-scale version of the WAO was shown to be effective at 
destroying 100% of the P4 and 96%–98% of the cyanide present in the 
phossy waste tested. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Because this is a totally enclosed system, meeting design and 
operating requirements could mitigate the risk to site workers. 



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Meeting design and operating requirements could mitigate 
risks to the community. 
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TABLE 5-15 (Cont.) 



 
Review Parameter Wet Air Oxidation 



 
Impacts to the environment during 
implementation 



 
The parameter discussion for the excavation technology in Section 5.2 
applies. Meeting design and operating requirements should limit the 
impacts from any air emissions and water discharges. 



Post-implementation impacts on the 
environment and the community 



If design and operational hurdles could be overcome, P4-associated 
risks from historical pond residuals that could be accessed by the 
excavation technology would be removed. The remediated historical 
pond footprint could be reused as brownfield. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• Pilot-scale testing has been performed. 
• The waste could be decharacterized. 
• The air emissions could be controlled. 
• The residuals could be disposed of on site or in an off-site 



landfill. 
 
The disadvantages are as follows: 



• Testing and design work would be required to advance from 
pilot scale to full scale. 



• It is not known whether the technology could be used to treat 
soil, sediment, and debris containing P4 waste. 



• It would be difficult to get regulatory and public acceptance. 
• Operating parameters and conditions could make operations 



difficult. 
• The residuals might require treatment to achieve WAC at on-



site or off-site disposal sites. 
 



 
 
5.3.6 Solvent Stirred Batch Reactor 
 
 



5.3.6.1 Description 
 
 Elemental phosphorus is a nonpolar compound due to the coordination symmetry of the 
P-P bonds in the tetra-phosphors molecule. As such, its solubility in strongly polar solvents like 
water is limited (about 0.003 g/L), while its solubility in nonpolar solvents is relatively high 
(Table 5-16). Therefore, it is conceivable that nonpolar solvents could be used to treat P4-bearing 
materials by using a solvent extraction method. This would involve mixing soils and sediments 
contaminated with white phosphorus with a nonpolar, water-immiscible solvent in a stirred and 
heated reactor, which would cause P4 dissolution, and then recovering the P4-rich solvent for 
further processing. 
 
 A starting place for developing this method would be to scale up the well-established 
solvent extraction procedure used to prepare white-phosphorus-bearing samples for analysis by  
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TABLE 5-16 Solubility of White Phosphorus in Selected Solvents  



 
Solvent Solubility (g/L) Disadvantages 



    
Toluene ~30 (similar to benzene) Flammable 
Benzene 28.6 Carcinogen 
Ethanol 25 Flammable 
Chloroform 25 Anesthetic 
Ether 9.8 Flammable, anesthetic 
Water 0.003 None 
Olive oil 12.5 None 
Carbon disulfide 1,250 Flammable, toxic 
Acetone Low solubility None 
Methanol Low solubility None 
 
Source: Adapted from Rivera et al. 1996. 



 
 
gas chromatography (EPA Method 7580, white phosphorus by solvent extraction and gas 
chromatography). This treatment method would involve the following steps:  
 



• Loading wet (water-saturated), white-phosphorus-bearing soil/sediment into a 
stainless steel stirred batch reactor vessel, 



 
• Adding solvent, 



 
• Conducting mechanical mixing and heating to achieve the optimal reaction 



kinetics, and 
 



• Distilling the reacted solvent to recover P4. 
 
 The solvent would be recycled and used for multiple extractions.  
 
 



5.3.6.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Although this method is technically possible, it has a number of disadvantages that would 
make its application for a full-scale remediation project unattractive relative to other methods 
discussed in this report. One of the key disadvantages is the toxic nature of the most effective 
solvents for this method (benzene, toluene, carbon disulfide, etc.). As shown in Table 5-16, there 
are some relatively benign chemicals that could be used (oils); however, these solvents are not 
commonly used as white phosphorous extractants (no reports of their use were found), so 
extensive laboratory testing would be required to assess their mixing properties and reaction 
kinetics. 
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5.3.6.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-17. 
 
 
TABLE 5-17 Assessment of Solvent Stirred Batch Reactor Based on ETT Review Parameters 



 
Review Parameter Solvent Stirred Batch Reactor 



 
Process maturity 



 
Conceptual. The process would require laboratory research and 
development. 



Limitations Tested solvents for this method are toxic and/or flammable (benzene, 
toluene, carbon disulfide). There is a lack of scalable laboratory test 
data. 



Time to implement (not including 
permitting and approvals) 



Due to immaturity of this method and the need for laboratory studies, it 
is estimated that 5 or more years would be needed to implement it. 



Effectiveness of removing and/or treating 
P4 on site 



Its effectiveness has not yet been determined. This method has been 
used for relatively small analytical samples, but there are no relevant 
data on its effectiveness as a large-scale remediation method for P4. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine release from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by keeping all P4-bearing materials saturated and under 
water, as well as by capturing and treating gases and using appropriate 
PPE. There would be additional risks if toxic, flammable solvents were 
used. 



Community health and safety during 
implementation 



The unmitigated risk would be high due to possible releases of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by treatment plant engineering and by using 
ancillary treatment technologies. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. The air quality could be 
affected by the release of particulate P4, phosphine, and 
P2O5/phosphoric acid vapors. The risk would be mitigated by treatment 
plant engineering and by using ancillary treatment technologies. 



Post-implementation impacts on the 
environment and the community 



There would be no impact on the environment or the community if a 
properly engineered treatment plant and applicable ancillary treatment 
technologies were available.  



Overall discussion of advantages and 
disadvantages 



• The main advantage of this method is that, since it is a batch 
process, it would require minimal processing of the feed material. 
As long as the P4-bearing feed could be well mixed mechanically, 
there would be little need for particle size reduction or phase 
separation.  



• The main disadvantage is that this process has been demonstrated on 
only relatively small analytical samples by using toxic solvent. 
There are no scalable data for this process that involve the use of a 
benign solvent.  
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5.3.6.4 Overall Likelihood of Success at FMC 
 
 Unless there is a considerable research and development effort, this method has a low 
likelihood of success for use on materials excavated from the FMC site. 
 
 
5.3.7 Off-Site Incineration 
 
 



5.3.7.1 Description 
 
 In the mid-1990s, FMC performed an extensive nationwide survey as part of a national 
capacity variance (NCV) to provide for a variance from compliance with the LDRs. FMC 
surveyed more than 160 RCRA treatment, storage, and disposal (TSD) vendors, including 
disposal, wastewater treatment, and incineration facilities. In general, the TSD facilities that were 
surveyed refused to accept waste from the FMC Pocatello plant for a number of reasons, 
including the volume of the waste, phosphine gas hazards, the possible presence of 
technologically enhanced naturally occurring radioactive material (TENORM), and the waste 
streams’ reactivity and/or ignitability. As determined by the NCV survey, only one facility could 
have accepted about 8% of the annual waste stream generated at that time. However, FMC 
indicated that even to take advantage of that off-site capacity, purchasing the required fleet of 
railcars and building and operating a waste-loading facility for off-site transport would be cost 
prohibitive (FMC 1996). 
 
 However, the waste profile of the former FMC plant and the volume of waste that 
requires treatment have changed since that NCV survey was prepared. The manufacturing of 
P4 no longer occurs, so process waste streams are no longer generated. For example, only 
remediation waste streams would be created if the historical ponds were to be remediated. Under 
a remediation-only program, some remediation residuals might remain on site for reclamation or 
treatment, and only some residuals might need to be diverted to an off-site TSD facility for 
subsequent treatment and disposal. In addition, since the NCV survey was performed, the 
universe of TSD facilities has changed, permitting requirements for some TSDs might have 
changed, and WAC might have changed. 
 
 In referring to the incineration of P4-containing residuals from a clarifier at the Solvay 
Plant in Butte, Montana, Franklin Engineering Group (2007) noted that “fully mature 
commercial technology with competitive pricing is available.” (In this case, the incinerator 
described was a rotary kiln incinerator, and the waste feed system would involve P4 that is 
containerized in drums.) For example, treatment of white-phosphorus-containing waste from the 
remediation of Open Demolition Area #2 at the Ravenna Army Ammunition Plant (RAAP) in 
Ravenna, Ohio, involved containerizing the waste intended for shipment to an off-site 
incinerator. According to the waste management plan, approximately 1,000 drums containing 
white-phosphorus-contaminated soil and debris were managed by topping the drums with water 
to maintain saturation and then shipping the waste from RAAP to the Veolia incineration facility 
in Sauget, Illinois. Pure or bulk white-phosphorus waste was managed in 30-gal drums, while 
white-phosphorus-contaminated soil and debris were managed in 55-gal drums (USACE 2011). 
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According to a Right-to-Know Network 2014 reporting summary, about 172 tons of reactive 
waste (most of which was assumed to be the waste generated from remediating white-
phosphorus-contaminated soil) was shipped from RAAP to the Veolia facility in 2011.  
 
 



5.3.7.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC has acknowledged that incineration technology is potentially applicable to small 
volumes of P4 waste (MWH 2009). The applicability of this ETT to the large volume of 
P4 waste present at the site depends on (1) waste acceptance by the off-site incinerator at an 
off-site TSD facility and (2) the feasibility of transporting waste residuals off site. Performing a 
waste acceptance survey is outside the scope of this independent review. As indicated in the Case 
by Case Extension discussed in Section 5.3.7.1, the presence of NORM in the waste stream has, 
in the past, precluded some off-site facilities from accepting P4 waste. The Review Team has not 
determined if the NORM content would be an issue for off-site incinerators at the present time. 
However, the NORM content of the P4 waste may add to the complexity and cost for the 
treatment of P4 waste and the off-site disposal of incinerator residuals. It is unknown whether 
waste residuals generated as part of a historical pond remediation program might now be 
acceptable at an off-site TSD facility. Also unknown is the volume of waste that could be 
accepted by any TSD facility that can accept P4-containing waste. However, as noted in 
Section 5.3.7.1, there are commercial incinerators that can accept P4-containing waste. Given the 
fact that pure P4 has been transported off site by rail in the past, it is feasible that waste residuals 
containing P4 could be loaded and transported to an off-site TSD facility by rail. 
 
 



5.3.7.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-18. 
 
 



5.3.7.4 Overall Likelihood of Success at FMC 
 
 This technology would involve process steps at FMC, the transportation of P4 waste to a 
destination TSD facility via road or rail corridors, incineration at the destination TSD facility, 
and finally the disposal of the waste residuals. Ancillary technologies would probably be capable 
of excavating P4 waste from the FMC site. Excavated waste could be placed in containers and 
covered with a water layer relatively easily; this was demonstrated when soil and debris were 
shipped to the Zimpro facility for treatability studies. However, an extraordinary number of 
drums would be required, and the amount of truck traffic required to transport the drums could 
be a nuisance and would represent a risk of transportation accidents. It would be more 
expeditious to use a bulk-to-bulk handling process for the soil and debris by transporting the 
excavated soil and debris by railcar. This ETT would probably not succeed at FMC, except with 
regard to treating a small subset of the P4 waste at the site. 
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TABLE 5-18 Assessment of Off-Site TSD Facility Based on ETT Review Parameters 



 
Review Parameter Off-Site TSD Facility 



 
Process maturity 



 
Mature. Off-site TSD facilities already exist. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste is accessible by the excavation technology. 
• A TSD facility that will accept the waste needs to be identified. 
• A dedicated fleet of railcars suitable for transporting a 



U.S. Department of Transportation flammable solid might be 
required, and a railcar loading and unloading facility might need 
to be built. 



• Risks might be created from transporting hazardous waste in 
containers by truck or by rail. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



The time needed to plan for ancillary technology and excavation 
support and constructing waste loading systems is estimated to be 
1 year. The time needed to excavate and off-load waste at the site is 
estimated to be more than 10 years. 



Effectiveness of removing and/or treating 
P4 on site 



Off-site TSD facilities probably have a series of treatment units that 
could treat P4, including rotary kiln-type incinerators with associated 
air pollution control equipment and incinerator waste solids residual 
handling. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. The risk associated with ancillary technologies used for 
storage before off-site transport could be mitigated.  



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Community health and safety could be affected by truck or rail 
transit of a hazardous material. 



Impacts to the environment during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. With regard to loading railcars, impacts on the environment 
would be comparable to the impacts that occurred when the plant was 
operating. 



Post-implementation impacts on the 
environment and the community 



The parameter discussion for the excavation technology in Section 5.2 
applies. P4-associated risks from historical pond residuals (residuals 
located near the surface) would be removed. The remediated historical 
pond footprint could be reused.  



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The parameter discussion for the excavation technology in 



Section 5.2 applies. 
• The process is mature. 
• Reclaimed land could be reused.  
• There would be zero emissions since treatment would occur 



in an off-site TSD facility. 
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TABLE 5-18 (Cont.)  



 
Review Parameter Off-Site TSD Facility 



 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• It might be difficult to find a TSD facility that would dedicate 
the needed process capacity to excavated waste. 



• The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• It might be difficult to get regulatory and public acceptance at 
the waste generation point (FMC Pocatello) and at the state 
hosting the off-site TSD facility. 



• After initial treatment, additional treatment might be required 
to meet WAC at off-site disposal facilities. Both the initial 
treatment facility and any final off-site disposal facility may 
have to accept waste containing NORM. The NORM content 
of the waste may add to the complexity and cost. 



• Transport by containers in trucks would be prohibitively 
expensive and create risks associated with truck transit on 
roads. 



• Transit by rail would also involve some transport risk and 
might require a dedicated fleet of railcars and the construction 
and/or modification of loading and off-loading capability. 



• This ETT would likely exceed the $81.6 million NPV cost for 
Soil Alternative 4, the most expensive soil alternative 
evaluated in the Supplemental FS (MWH 2010). 



 
 
5.4 EX SITU DISPOSAL TECHNOLOGIES 
 
 
5.4.1 On-Site Disposal 
 
 



5.4.1.1 Description 
 
 One option that could be applied to the FMC site is on-site disposal. The remediation 
plan presented in the 2012 IRODA proposes a system of caps and covers, with institutional 
controls and gas and groundwater monitoring, for the FMC site. Specifically, the IRODA calls 
for installing a protective cap. The purpose of the cap would be to provide a barrier to underlying 
contamination and to prevent water from moving through the contamination and polluting the 
groundwater. The cap in this case would be placed over existing soil and debris in an untreated 
form. With use of this option, P4 would remain as it is; it would retain its ignitable and reactive 
characteristics. The soil and debris would also continue to contain underlying hazardous 
constituents, specifically heavy metals, and some portion of these soils and debris could be 
defined as NORM. The cap would minimize infiltration of water and therefore minimize the 
leaching of P4, heavy metals, and radionuclides into the subsurface. 
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 These types of “disposal-in-place” remedies have been applied at numerous RCRA and 
CERCLA sites across the United States in the last 30 years. They have been shown to be 
effective in reducing risks to human health and the environment, mostly because the exposure 
pathway is minimized or eliminated altogether. However, only rarely have these types of 
remedies been approved of for soil and debris that are reactive and ignitable, such as P4. These 
types of remedial options (i.e., on-site disposal options) are not presented in this document for 
soils and debris containing P4 above the cleanup level of 23 mg/kg. However, on-site disposal of 
residuals that remain after P4 has been removed to acceptable levels by treatment is examined 
herein. 
 
 Several different disposal options are available. For example, Solvay is proposing to 
manage the residuals left over after operation of the mud still, along with materials from some of 
the other solid waste management units on site, in a CAMU (Barr 2014). CAMUs allow for the 
management of remediation soil and debris in land-based units without having to meet LDRs and 
potentially other RCRA requirements (e.g., liners, leachate collection systems), as long as it can 
be demonstrated that the CAMU will be protective of human health and the environment. 
 
 For CERCLA sites, such as FMC, the RCRA CAMU option for management of residuals 
can be brought in via the CERCLA ARAR process. CERCLA remedial options, however, can 
include the placement of remediation soil and debris that do not meet RCRA LDRs into CAMU-
like, land-based disposal units. Consideration of a RCRA CAMU for FMC through the CERCLA 
ARAR process is therefore not necessary, but the concept is the same. 
 
 Regardless of whether a RCRA CAMU or a CERCLA on-site land disposal remedy is 
considered for residuals left over after some form of active P4 treatment, this option is very 
attractive simply because of the tremendous volume of treated residuals that would be generated 
at the FMC site were these materials instead subject to active treatment to meet LDRs. For 
example, via a solidification-type process, the volume of treated material that would be created 
would be excessively large. This is assumed by considering that cement or cement-like 
pozzolanic materials would be added to the soil and debris requiring treatment, increasing its 
volume significantly. 
 
 



5.4.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Disposal of treated waste and soils and debris that have been treated to remove P4 in an 
on-site CAMU or CERCLA on-site land disposal unit is applicable to FMC. Considering the 
amount of P4 that would have to be removed, along with the threat of its ignitability and 
reactivity, the primary remaining concern with regard to the FMC site is heavy metal and NORM 
contamination. While stabilization could be used to reduce metal and radionuclide leachability, 
this option would be very costly and would produce a very large amount of material that would 
still need to be disposed of. The same outcome could be accomplished with a CAMU or a 
CERCLA remedy that included a cap designed to minimize permeability. No bench-scale or 
pilot-scale studies would be warranted. 
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5.4.1.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-19. 
 
 



5.4.1.4 Overall Likelihood of Success at FMC 
 
 Disposal of treated waste and soils and debris that have been treated to remove P4 in an 
on-site CAMU or CERCLA on-site land disposal unit at FMC has a very high likelihood of 
success. Considering the amount of P4 that would have to be removed, along with the threat of 
its ignitability and reactivity, the primary remaining concern for the FMC site would be heavy 
metal and NORM contamination. A well-designed land disposal unit with an engineered cap that 
minimized permeability would be protective of human health and the environment as long as the 
cap was adequately maintained.  
 
 
5.4.2 Off-Site Disposal 
 
 



5.4.2.1 Description 
 
 Unlike on-site disposal, which for this analysis is limited to waste and soil and debris 
from which P4 has been removed or treated down to an acceptable level, off-site disposal is 
considered here for the full range of waste and soil and debris that contain P4 above levels of 
concern. This represents a very large amount of waste and soil and debris for which it would take 
thousands, if not hundreds of thousands, of truck loads or railcars to remove. It would also be 
difficult, if not impossible, to find an off-site permitted RCRA disposal facility that would accept 
this amount of waste. More likely, a new RCRA-permitted facility would need to be established 
to accept the waste, because the amount involved could overwhelm a typical land disposal 
facility. 
 
 Such a facility could be overwhelmed not only because of the huge volume of material 
but also because if the waste and P4-contaminated soil and debris were moved off-site, the 
receiving facility would need to ensure that RCRA LDRs were achieved not just for the 
P4 materials but also for the heavy metals as well. Furthermore, the presence of radionuclides 
and potential NORM classification might make the acceptance of all the P4 waste problematic. 
Alternatively, P4 waste could be treated at the FMC site and then transported to an off-site 
location. Treatment could include addressing RCRA LDRs. However, the receiving facility 
would need to be permitted to accept the treated P4-contaminated soil and debris, and the 
regulator in the receiving state would need to approve the facility. In addition, the local public 
would need to be agreeable to having such a facility nearby; otherwise, there could be years of 
delays during the facility permitting process. 
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TABLE 5-19 Assessment of On-Site Disposal in a CERCLA Landfill Based on ETT Review 
Parameters 



Review Parameter 



 
On-Site Disposal in CERCLA Landfill 



(equivalent to a RCRA CAMU) 
 
Process maturity 



 
• Full-scale maturity. 
• Securing a CERCLA on-site disposal remedy is a common 



remedial approach. 
Limitations • There are no known impediments. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



• Landfilling of residuals after P4 has been removed might be able 
to begin immediately upon regulatory approval. 



• The time needed for implementation would depend on the total 
amount of contaminated media. 



Effectiveness of removing and/or treating 
P4 on site 



CERCLA on-site disposal would minimize further migration of 
contaminants from the site, but it would neither remove nor treat any 
low-level P4 remaining in the soil or media. 



Process safety for site workers during 
implementation 



The process safety risks for CERCLA on-site disposal would be 
related to the residuals from which P4 could not be readily recovered, 
and they would be similar to the risks from typical hazardous waste 
landfill operations. Risks would be considered moderate to high. 
Appropriate engineering controls and PPE would bring worker risks to 
acceptable levels. 



Community health and safety during 
implementation 



• The process health risks for CERCLA on-site disposal would be 
related to residuals from which P4 could not be readily recovered, 
and they would be similar to the risks from typical hazardous 
waste landfill operations. Risks would be considered low to 
moderate. 



• Appropriate engineering controls (e.g., dust suppression, daily 
cover) would bring the community risk to acceptable levels. 



Impacts to the environment during 
implementation 



A properly constructed CERCLA on-site disposal remedy that would 
meet the design criteria for residuals from which P4 could not be 
readily recovered would have minimal impacts on the soil, surface 
water, and groundwater. 



Post-implementation impacts on the 
environment and the community 



• Assuming that all residuals from which P4 has been removed to 
acceptable levels were placed in the CERCLA on-site disposal 
unit, post-implementation impacts would be minimal. 



• Institutional controls would address potential impacts on the 
environment and community. 



Overall discussion of advantages and 
disadvantages 



The advantages would be as follows: 
• This option could be applied only to P4 residuals that could 



not be readily recovered. 
• It is a proven technology. 
• It has a simple design and is easily understood. 
• It is anticipated that public approval would be favorable. 
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TABLE 5-19 (Cont.) 



Review Parameter 



 
On-Site Disposal in CERCLA Landfill 



(equivalent to a RCRA CAMU) 
 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• Sorting materials before implementing the on-site CERCLA 
disposal remedy could result in worker and environmental 
exposure. 



• A large volume of material might need to be landfilled. 
• It would require siting on an appropriate portion of FMC 



property. 
• Its cost would be high relative to the cost of cap and cover 



options. 



 
 



5.4.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 From a technology perspective, off-site disposal is applicable for FMC. However, if the 
waste and soil and debris were sent off site, RCRA LDRs would have to be satisfied. The 
receiving facility would need to treat the FMC waste and soil and debris to remove P4 to the 
point where the waste and soil and debris no longer exhibited the characteristics of ignitability 
and reactivity. UCs (primarily heavy metals) would need to be addressed as well. Here, 
stabilization would be the most appropriate technology. Once the P4 and heavy metals were 
addressed, the waste, soil, and debris would no longer be considered hazardous waste and would 
be considered nonhazardous. The waste, soil, and debris could be disposed of as nonhazardous 
solid waste, but there would be other options too, including potential reuse as fill material. 
Bench-scale and pilot-scale studies of the off-site disposal alternative might be useful, 
particularly if the means of addressing P4 and heavy metals would involve a new or innovative 
treatment technology. 
 
 



5.4.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-20. 
 
 



5.4.2.4 Overall Likelihood of Success at FMC 
 
 Although the off-site disposal approach is applicable to FMC soil and debris, it is 
unlikely to be considered. The cost of sending all contaminated FMC soil and debris off site 
would be considerably higher than the cost of any on-site alternative. This off-site disposal 
approach might succeed for a small subset of the P4 waste after it has been treated. 
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TABLE 5-20 Assessment of Off-Site Disposal Based on ETT Review Parameters 



 
Review Parameter Off-Site Treatment/Disposal 



 
Process maturity 



 
Full-scale maturity. Sending P4 materials off site would require the 
same safeguards as those applied to the product.  



Limitations • There would be a large number of shipments of waste soil and 
debris via truck or rail over potentially many years. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



• Off-site shipments could begin immediately upon regulatory 
approval. 



• The time needed for implementation would depend on the total 
amount of soil and debris that needed to be shipped off site.  



• There would be a large number of shipments of waste soil and 
debris via truck or rail over potentially many years. 



Effectiveness of removing and/or treating 
P4 on site 



The removal of soil and debris would take years but would be 
effective. 



Process safety for site workers during 
implementation 



• The process safety risks to workers from off-site shipments 
would be similar to those from a typical hazardous waste 
transport operation.  



• The risks would be considered moderate to high. 
Community health and safety during 
implementation 



The process safety risk for community health and safety from off-site 
shipments would be similar to those from a typical hazardous waste 
transport operation. The risks would be considered moderate. 



Impacts to the environment during 
implementation 



The removal of soil and debris would take years but would be 
effective, with a minimal impact on the environment. 



Post-implementation impacts on the 
environment and the community 



Assuming that all P4-contaminated materials above established levels 
were sent off site, post-implementation impacts would be minimal. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The technology could be applied to all P4 residuals at 



concentrations above established cleanup levels. 
• It has a simple design and is easily understood. 
• It is anticipated that public approval at the FMC site would 



be favorable. 
 
The disadvantages are as follows: 



• A large volume of material might need to be sent off site, 
which could take many years. 



• Public approval at the receiving site might be problematic. 
• The cost of transporting treated P4 waste to an off-site 



disposal facility would be high relative to the cost of on-site 
disposal of treated P4 waste. 
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5.5 Abandoned Railcars and Underground Piping 
 
 
5.5.1 Underground Piping 
 
 



5.5.1.1 Description 
 
 Residuals containing P4 are likely to be present in both process-related and stormwater-
related underground pipes located at the FMC OU (Figure 5-15). As reported in the 
Supplemental FS (MWH 2010), underground piping may contain residual P4. These 
underground process pipes and stormwater lines are present in RUs 1, 2, 3, 8, 12, 13, 22b, and 
24. The process-related piping is constructed of mild steel. The 16-in. stormwater piping in RU 1 
and RU 3 is constructed of concrete (MWH 2010). The stormwater piping was cleaned out in the 
spring of 2015, and it still might be in the process of being cleaned out via the use of in-line 
hydraulic flushing methods (FMC Idaho 2015; also see Shoshone-Bannock Tribes’ Responses to 
Argonne’s Questions and Comments on FMC’s Responses of June 2015 [Appendix F]). The 
amount of waste present in the underground pipeline was summarized in Table 2-1. 
 
 Pipelines and sumps that could have been used to handle P4 are summarized in 
Table 5-21. Also summarized in the table are the RUs where the pipelines are located, the 
purposes of the pipelines, the sizes and minimum and maximum depths of the pipelines, the 
materials of construction, and whether or not the pipeline was abandoned in place. In addition to 
the pipelines summarized in Table 5-21, there are other pipelines associated with closed RCRA 
ponds that might contain P4 or P4 by-products. 
 
 A waste management scenario somewhat similar to the one in which there is the presence 
of a very hazardous waste (P4-containing residuals) within underground pipelines can be found 
at the U.S. Department of Energy’s Hanford Reservation. At the Hanford Reservation, there are 
7 to 8 miles of pipelines in Waste Management Area (WMA) C that contain about 1,200 gal of 
radioactive waste. Closure options being considered for the WMA included removing the 
contents of the pipelines by hydraulic pigging, grouting the pipelines in place, or abandoning the 
pipelines in place should WMA C be closed as a landfill. A number of the technologies 
considered for the Hanford Reservation could potentially be used at the FMC site (Badden et al. 
2013). These technologies that could be used to address the remaining underground piping 
include both ex situ and in situ closure ETTs. 
 
 Ex situ excavation could proceed, as discussed in Section 5.1. Portions of pipelines could 
be flooded, either through the pipeline or external to the pipeline. Pipeline removal could 
proceed in segments. Conventional excavation techniques could then be used to access the 
flooded pipeline. Sectionalized portions of the pipeline could be placed in a water bath at the 
ground surface in preparation for subsequent handling. Subsequent handling could include 
treating sections in an on-site incinerator, for example. Alternatively, excavation could proceed 
as discussed in Section 5.3.2, with the excavation process encapsulated in a mobile instant 
structure (a sprung instant structure or similar structure), with the pressure/air controlled by using  
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FIGURE 5-15 RUs Identified as Containing Underground Piping, Sumps, and Structures (Source: FMC 2009)  
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TABLE 5-21 Pipes with Possible Deposits of P4 and Phossy Solids (mixture of P4 and “dirt”) 



RU ID Utility Size (in.) 



 
Min. 



Depth 
(ft bgs)



Max. 
Depth 
(ft bgs) Material Status 



        
1 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
1 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
1 42 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
1 43 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
1 53 Phossy water 18 8 10 Carbon steel Abandoned in place 
1 54 Storm drain 16 5 8 Reinforced concrete In use – site drainage 
1 66 Storm drain 10 3 5 Carbon steel Abandoned in place 
1 S1 Phossy water sump 1,000 gal 6 8 Stainless steel Pumped, deconned, and abandoned in place 
1 S2 Furnace Building P4 storage sumps Varies 6 8 Reinforced concrete Lining removed, deconned, backfilled with silica
1 S3 Phos dock sumps Varies 10 12 Reinforced concrete Lining removed, deconned, backfilled with silica
1 S4 Secondary condenser area phos sump Varies ? ? Stainless steel Lining removed, deconned, backfilled with silica
2 23 Phossy water 6 2 3 Carbon steel Abandoned in place 
2 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
2 25 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 66 Storm drain from kiln building to slag pit 10 3 5 Carbon steel Abandoned in place 
2 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
2 70 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
2 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
2 83 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
2 84 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
3 42 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 43 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 54 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 F36 P4 decon building foundation NAa 0 5 Reinforced concrete Deconned, backfilled with silica 
4 90 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
8 66 Storm drain from kiln building to slag pit 10 3 5 Carbon steel Abandoned in place 
8 68 Calciner CO lines 14 3 5 Carbon steel Abandoned in place 



12 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
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TABLE 5-21 (Cont.) 



RU ID Utility Size (in.) 



 
Min. 



Depth 
(ft bgs)



Max. 
Depth 
(ft bgs) Material Status 



        
12 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
12 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
12 78 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
12 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
12 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
12 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
12 83 Slag pit dewatering  6 2 4 Carbon steel Abandoned in place 
12 84 Slag pit dewatering  6 2 4 Carbon steel Abandoned in place 
22b 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
22b 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
22b 23 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
22b 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
22b 25 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
22b 27 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
24 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 23 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
24 25 Phossy water  4 2 3 Carbon steel Abandoned in place 
24 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
24 70 Phossy water 4 2 3 Carbon steel Abandoned in place 
24 78 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
24 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
24 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
24 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
24 90 Storm drain 15 5 8 Reinforced concrete In use – site drainage 



 
a NA = not applicable. 



Source: FMC (2009); Table 4-51. 
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remotely controlled excavating equipment, a high-vacuum soil extraction system (GuzzlerTM),3 
or a system similar to that used to excavate radiologically contaminated soil at the Hanford 
Reservation in Washington State (Badden and Seely 2010). 
 
 In situ pipeline residual extraction could be done by using a flushing approach similar to 
one used on concrete storm sewers and/or pipeline pigging involving a utility pig, such as a 
brush, scraper, or hydraulically activated pipeline pig (Stoltze 2007). A combined approach 
involving in situ inspection and pipeline content removal might be applicable to FMC. Pigging 
involves the insertion of devices for cleaning or inspecting pipelines. Pigs can be retrofitted with 
video cameras (with an illumination or infrared source), flammable gas sensors, chemical 
sensors, field-portable analytical systems, and/or remotely operated sampling equipment. 
Devices can be inserted via drains, valves, diversion boxes, manholes, flanges, etc. Pigging can 
be limited by the configuration of pipelines, since pigs are typically tethered or self-propelled 
and work best in straight sections of pipelines. In particular, hydraulically activated pipeline 
pigging (HAPPTM) or similar pigs could be used to both inspect and clean out pipelines with 
structural integrity, assuming the cleaning action could remove any solidified P4-containing 
residuals. The HAPP approach is somewhat similar to the approach already being used to clean 
out the storm sewers at the site. Basically, hydraulically activated cleaning jets could be used to 
clean interior pipeline surfaces. However, process pipelines could contain pure or relatively pure 
P4, which would make the HAPP of process pipelines different than cleaning out the storm 
sewers that contained dilute P4-containing soil and debris. 
 
 Pigging was not considered a viable technology for the Hanford Reservation 
contamination scenario discussed above because (1) hydraulic pigging would require the 
introduction of significant volumes of water under pressure to both activate and move the pig 
and (2) the selected remedial alternative at the Hanford Reservation involved abandoning the 
pipelines in place. However, at the FMC site, the introduction of water would be necessary in 
order to address the hazards associated with P4 within a given pipeline. Water and pipeline 
residuals generated during pipeline cleaning could be treated by using the 
P4-deactivating/recovery/disposal method selected to address other P4-containing soil and debris 
at the site. 
 
 



5.5.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 A combination of an in situ approach and an ex situ approach might be required to 
remove underground piping at the former FMC plant. In situ approaches might offer the best 
option from a worker safety standpoint, since air emissions could be controlled with engineering 
controls. However, for cases in which pipelines have collapsed or where P4-containing residuals 
have solidified and cannot be moved by cleaning, an ex situ approach might be needed. Ex situ 
approaches would have applicability similar to that described in the excavation discussion in 
Section 5.2. Sloping, benching, and laybacks might not be the best approach for pipeline 



                                                 
3 GuzzlerTM is a vacuum-based system used to selectively remove soil/waste after it has been broken up by a high-



pressure water stream. Guzzler is a registered trademark of Guzzler Manufacturing, Inc., Streator, Illinois (Badden 
and Seely 2010). 
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removal. Shoring might be the best approach for removing a linear feature like a pipeline, and it 
would limit the amount of soil requiring excavation. Workers would have to be protected from 
cave-ins as well as from the hazards associated with P4. Protective systems for excavations 
would have to meet the requirements found in 29 CFR 1926.652 (Part 1926, “Safety Regulations 
for Construction,” Subpart P, “Excavations”). Excavations deeper than 20 ft would have to be 
designed by a registered professional engineer. 
 
 Should an ex situ approach involving pipeline excavation and removal be used, the 
presence of pure, or relatively pure, P4 in some pipelines would necessitate extraordinary 
preparations and could involve approaches that address water flooding and involve isolating 
sections of pipelines before removal. Pilot-scale studies, including studies on the removal of 
representative (in terms of materials of construction, depth, linearity, etc.) sections of piping, 
used with ex situ approaches would probably be needed to determine the viability of the ex situ 
removal of piping. 
 
 Pilot-scale in situ studies, including the use of pigging (HAPP or similar methods) on 
sections of piping representative of different construction materials, diameters, configurations, 
pig entrance and egress points, etc. would probably be needed to determine the viability of 
pigging technology. Furthermore, pilot-scale testing on a section of piping would also be needed 
to establish the best techniques for recovering pipeline residuals that were mobilized by the 
hydraulic action of the pig. 
 
 



5.5.1.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-22. 
 
 



5.5.1.4 Overall Likelihood of Success at FMC 
 
 It appears that a combination of in situ and ex situ approaches could succeed at the 
FMC OU. 
 
 
5.5.2 Abandoned Railroad Tank Cars 
 
 



5.5.2.1 Description 
 
 Twenty-one railroad tank cars are present in RU 19c, which is about 2.7 acres in size and 
is located in the center of the slag pile (RU 19). The railcars were placed at the then-southern 
edge of the slag pile in 1964 and were covered with native soil. The amount and purity of the 
P4 sludge present in the railcars are uncertain. As reported in Appendix B of the Supplemental 
FS, the sludge was nearly pure (95% P4), and the capacity of the railcars was 10% to 25%. Here 
is language from Appendix B of the Supplemental FS:  
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TABLE 5-22 Assessment of Underground Pipeline Cleaning Technologies Based on ETT Review 
Parameters 



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Process maturity 



 
In situ technologies for the inspection and removal of pipeline contents 
are fully mature. Ex situ technologies for the removal of pipeline and 
pipeline P4 content are not mature. 



Limitations • In situ technologies would be limited by pipeline sections that 
have failed structurally or by plugs of process waste that could not 
be removed. In situ technologies might also be limited by pipeline 
configurations and turns, valves, and sumps present in the 
pipeline.  



• Pipelines would have to be filled with water, or the pipeline 
transect would have to be flooded in order to remove pipelines 
with ex situ technologies.  



• Whether methods were performed in situ or ex situ, pipes would 
have to be decontaminated, and waste residuals would have to be 
treated/recovered. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 1 year for planning. Estimated time is 3 years for 
operations. 



Effectiveness of removing and/or treating 
P4 on site 



In situ technologies used in intact pipelines would probably be 
effective at removing P4 from the pipelines. Ex situ pipeline removal 
would require process steps for crimping and cutting pipeline sections, 
placing pipeline sections in a water bath, and then removing P4 from 
and decontaminating the pipelines. 



Process safety for site workers during 
implementation 



• Process safety for site workers during implementation of in situ 
technologies could be managed with engineering controls and 
PPE.  



• Worker safety for ex situ technologies could also be managed with 
engineering controls and PPE, but process steps would have to be 
rigorously planned and evaluated because of potential unknown 
factors. 



Community health and safety during 
implementation 



The risk to community health and safety could be mitigated by well-
planned and executed actions. 



Impacts to the environment during 
implementation 



Ex situ technologies could result in impacts as described for the 
excavation technologies in Section 5.2. In situ approaches should result 
in minimal impacts on the environment. 



Post-implementation impacts on the 
environment and the community 



There should be few or no impacts on the environment and community 
after implementation. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• In situ technologies were successfully applied in the storm 



drain pipelines and should function for the other pipelines. 
• In situ technologies offer the potential to control emissions to 



air and to help capture any decontamination fluids. 
• In situ technologies could be used to remove plugs of P4 



product in a relatively controlled environment. 
• Ex situ technologies could be used to address collapsed 



pipelines or plugs that could not be otherwise removed by 
using in situ technologies. 
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TABLE 5-22 (Cont.)  



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• Pipeline collapses or pipeline configurations could preclude 
the use of in situ technologies. 



• The chemical environment could damage in situ equipment. 
• Either in situ or ex situ technologies could require the use of 



large volumes of water. 



 
 



“1.3.3 Description of P4 Sludge Generation and Management 
P4 was typically very pure, white phosphorus. However, due to a number of process 
variables, ore, silica and/or coke dust, along with other condensables would pass through 
the electrostatic precipitator in trace amounts and end up with the liquid P4 product. 
These insolubles would rise to the top of the liquid P4 as it was stored in a liquid state 
and eventually concentrate to form what was referred to as P4 sludge. The sludge 
typically ranged from 75 to 95% P4. The P4 sludge was much more viscous and would 
not easily pump from the sumps and tanks. Therefore, over time P4 sludge would build 
up within the storage vessels and railcars.” 



 
And as reported in Section 2.2.2 of Appendix B: 
 



“2.2.2 Contents of the Railcars 
As described in Section 1.0, it is expected that the railcars contain about 10 to 25% of 
their total capacity as P4 sludge. However, it is not known if the railcars were filled with 
water or nitrogen prior to transportation to the slag pile area for burial.” 



 
Ironically, the information in Appendix B of the Supplemental FS conflicts with the information 
that summarizes the contents of the railcars in the main body of the same Supplemental FS 
report: The Supplemental FS reports in 2.3.3.4 Railroad Cars in Slag Pile (RU 19c) “that the 
railcars contain an estimated 10 to 25% P4 sludge.” Also included in the main body of the 
Supplemental FS is the following: “Summary of Pertinent SFS Information for RU 19c:  
 



• P4 concentrations of the sludge within the railcars range from 10 to 25%”  
 
It appears that the main text of the Supplemental FS transposed the percent capacity and percent 
purity.  
 
 Sludge resulted from both the manufacturing process and from shipping P4 in railcars. 
Given the high concentration of P4 in the sludge (concentrated to 25% or higher), efforts were 
expended to try to reclaim the P4 in the sludge by cleaning out the tank cars used for 
transshipment of P4 and feeding the sludge back into the furnace. Reportedly, P4 sludge was 
periodically removed from inside railcars used to ship P4 by using a combination of pumping, 
steam cleaning, and manual scraping and shoveling (MWH 2010).  
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 It appears that in addition to using railcars to ship P4 product, railcars may have also been 
used for staging or storing P4 sludge over an unspecified time frame. Thirty railcars were used 
for such storage. In the case of the tank cars used for storage, cleaning sometimes involved 
removing internal steam coils first and then cleaning the railcars. Cleaned cars were reportedly 
scrapped or sold intact. After what are described as “near-miss accidents” (and perhaps efforts 
expended cleaning nine railcars), nine railcars were cleaned and then scrapped. Twenty-one 
railcars were removed from their trucks (wheels) and disposed of in the slag pile (MWH 2010). 
 
 The capacity of a railcar is 15,000 gal. The total capacity of all railcars is 315,000 gal. 
The P4 sludge volume present in all of the railcars ranges from 31,500 to 78,750 gal. The mass 
of P4 present in the railcars has been estimated to range from 200 to 2,000 tons. After the railcars 
were placed at the edge of the slag pile, the railcars were covered with slag. Based on the known 
original native soil elevation, it has been estimated that the railcars have been buried beneath 
80 to 120 ft of slag. Slag overlying the railcars was removed during regrading operations in 
2015, so it is likely that the railcars are now buried beneath less than 80 ft of slag (Appendix C). 
The slag present in the RU and overlying the railcars is described as mostly uncrushed slag 
containing slag ranging in size from 1/4 in. to boulder size (MWH 2010).  
 
 The slag covering the railroad tank cars and the slag located throughout the FMC OU 
likely contains P4. As reported in the Shoshone-Bannock Tribes’ Comments on FMC’s May 18, 
2015, Responses to Argonne’s Questions of April 21, 2015, P4 material is contained in the slag 
material. Appendix C documents numerous USCs associated with the unplanned identification of 
P4 during slag movement. When P4 is uncovered, it is covered with sand and/or allowed to burn 
until P2O5 smoke is no longer visible, after which the reacted material is moved to a staging area 
(Appendix C).  
 



Figure 5-16 is a photograph of site visitors standing at or near the level of native soil 
(before the 2015 regrading operation). The railcars are buried beneath the slag pile on the right 
side of the photograph. Figure 5-17 is another photograph of the slag pile. Both Figures 5-16 and 
5-17 depict the ranges in particle size present in the slag pile. Note that some of the slag was 
deposited as a liquid, which flowed and then hardened while cooling. 
 
 



5.5.2.2 Applicability to FMC and the Value of Bench-Scale and Pilot-Scale Testing 
 
 Several of the ETTs already discussed in this document have the potential to address the 
P4 present in the abandoned railcars. However, the presence of such large quantities of 
potentially highly concentrated P4 in the 21 railcars (potentially 2,000 tons or 78,500 gal) creates 
a unique and risky hazardous materials cleanup challenge. Responding to this hazardous 
materials cleanup challenge requires additional information gathering, planning, and pilot-scale 
testing before implementing any ETT. 
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FIGURE 5-16 Site Visitors Standing at or Near the Level of Native Soil (Source: provided by 
Argonne) 
 
 
 At a minimum, a more refined CSM is needed, including a better or complete 
understanding of the location, configuration, and condition of the railcars. The conflict regarding 
the relative purity of the P4 present in the railcars (25% versus 95%) is another uncertainty that 
could be resolved if the abandoned railcar CSM is refined in the future. The assessment of the 
railcars should take full advantage of techniques like geospatial analysis using aerial 
photography and of environmental geophysics (including ground penetrating radar, seismic 
reflection, seismic refraction, two- and three-dimensional resistivity, and magnetics) to gain the 
understanding needed to plan how to address the P4 content of the railcars. Geophysical 
assessments should proceed iteratively as slag and soil layers are removed. Planning should 
integrate a number of in situ and ex situ ETTs already discussed. Planning should incorporate 
potentially first removing slag to gain access to the railcar disposal site with the intent to conduct 
any additional geophysics needed to refine the CSM and to prepare for opening a tank car in 
order to perform either bench- or pilot-scale studies or full-scale P4 removal.  
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FIGURE 5-17 Slag Pile (Source: provided by Argonne)  
 
 
 Slag removal could proceed using an ex situ excavation method, as described in 
Section 5.2. If a 3:1 slope would be required to safely gain access to the railcar disposal site, it 
has been estimated that more than 300,000 yd3 of slag would need to be removed (MWH 2010). 
Presumably, as USCs occur during slag excavation, exposed P4 could be allowed to react in 
open air or under a structure as described in Section 5.3.2. The P4 identified during slag removal 
could also be staged in a water-filled drop tank and then recovered by using the batch mud still 
described in Section 5.3.3.  
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 After slag is removed, the soil covering the railcars would need to be carefully removed 
to gain access to the railcars. Planning would need to address how to respond to a USC involving 
P4 that has leaked or that is continuing to leak from a railcar during the operation. Planning 
might also involve collecting additional soil samples adjacent to the buried railcars to determine 
whether or not leakage has occurred. Railcars with similar characteristics should then be grouped 
(as needed) for performing bench-scale and pilot-scale studies and for implementing an ETT.  
 
 Water present in the railcars would have to be removed and treated, potentially in the 
treatment system for the groundwater P&T system. An inert atmosphere could then be created in 
the test railcar(s) in preparation for an ETT. ETTs potentially applicable for the railroad tank cars 
include doing internal tank washing using high-pressure tank cleaning systems and/or using 
vegetable oil to solubilize and wash P4 sludge. A number of different internal tank cleaning 
technologies are available for railroad tank cars, bulk aboveground fuel storage tanks, and 
underground storage tanks. An example of a high-pressure tank cleaning system is manufactured 
by Holland Applied Technologies (http://www.hollandapt.com/static.asp?path=3586,10444). 
Any sludge mobilized by the cleaning system could be vacuumed from the railcar by using a 
Guzzler or similar vacuum technology. Other potentially applicable technologies include a sluice 
nozzle and robotic arm vacuum recovery system designed to remove high-level radioactive waste 
from tanks at the Hanford Reservation (http://www.osti.gov/scitech/servlets/purl/1011436-). 
Sludge removed from railcars would then need to be packaged and either treated on site in the 
ETT selected to treat other P4 waste or transferred from bulk to containers and shipped off site 
for incineration. 
 
 Tank cleaning systems are typically water-based. Given the poor solubility of P4 in 
water, another approach might be to substitute vegetable oil for water in the tank washing 
system. The solubility of P4 in oil was discussed for a potential in situ ETT (Section 5.1.2). An 
assessment of the feasibility of using vegetable oil as a solvent and/or using any one of numerous 
internal tank cleaning systems should be evaluated with bench- and pilot-scale testing. Bench- 
and pilot-scale testing can also provide useful information about the treatability of any P4 sludge 
that is extracted from the rail cars.  
 
 The results of the internal tank washing procedure can be used to determine whether or 
not the railcars can be filled with sand and abandoned in place, or whether the railcars need to be 
opened up to allow the manual removal of P4 sludge by using the techniques developed by FMC 
for the routine maintenance of railcars. There is also some precedent for the manual removal of 
P4 from tanks, as referenced on the Chiresa website (Chiresa AG 2008). The step-by-step 
requirements for such an ETT have been discussed generally in the Supplemental FS 
(MWH 2010). 
 
 



5.5.2.3 Assessment Based on Review Parameters 
 
 An assessment of the suggested ETTs for the abandoned railcars is included in 
Table 5-23. 
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TABLE 5-23 Assessment of Abandoned Railcar Technologies Based on ETT Review Parameters 



 
Review Parameter Abandoned Railcar ETTs 



 
Process maturity 



 
• Ex situ technologies for the removal of slag are mature. 
• Practices for handling USCs are mature.  
• Recovery of any mined P4 from slag in a mud still is mature.  
• Remotely operated internal tank cleaning technologies are mature, 



but not for the removal of P4 sludge.  
• The efficacy of using vegetable oil for P4 sludge removal is 



unknown.  
• Manual cleaning of railcars is mature.  



Limitations Slag removal coupled with exposing the abandoned railcar disposal 
site could result in uncontrollable emissions. Worker health and safety 
risks would be significant. However, the railcars could be cut open 
rather than being cleaned out using confined space entry requirements.  



Time to implement (not including 
permitting and approvals) 



Estimated time is 1 year for refining the CSM and planning the 
operation. Estimated time is 1 year for pilot-scale studies. Estimated 
time is 3 years for operations. 



Effectiveness of removing and/or treating 
P4 on site 



• Ex situ excavation technologies would be effective in exposing 
and handling P4 USCs during slag removal. The effectiveness of 
removal P4 sludge using remotely operated equipment is 
unknown.  



• Past practices suggest that manual cleaning of the railroad tank 
cars was effective. P4 sludge could be containerized and treated 
off site in an incinerator. 



Process safety for site workers during 
implementation 



• Process safety for site workers during slag removal and during 
manual entry of railcars could be managed with engineering 
controls and PPE.  



• Worker safety for the performance of remotely operated internal 
tank cleaning technologies could also be managed with 
engineering controls and PPE, but process steps would have to be 
rigorously planned and evaluated because of potential unknown 
factors. 



Community health and safety during 
implementation 



The risk to community health and safety could be mitigated by well 
planned and executed actions. 



Impacts on the environment during 
implementation 



Ex situ excavation technologies could result in impacts as described for 
the excavation technologies in Section 5.2. If the railcars lack integrity 
and have leaked P4 into the environment, exposing the railcar disposal 
site could result in significant emissions to the environment.  



Post-implementation impacts on the 
environment and the community 



There should be little or no impact on the environment and community 
after implementation. 
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TABLE 5-23 (Cont.) 



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Overall discussion of advantages and 
disadvantages 



 
The advantages are as follows: 



• Slag removal has been successfully applied already. Methods 
to address P4 releases during USCs have been developed. 



• Remotely operated in situ tank technologies offer the 
potential to control emissions to air, minimize site worker 
risks and to help capture any sludge decontamination fluids.  



• Past practices can be used to manually clean railcars that 
cannot be completely remediated using internal tank cleaning 
technologies.  



 
The disadvantages are as follows: 



• Removing 120 ft of slag and exposing the railroad car 
disposal site could disturb or damage the railcars, causing the 
release of P4 and uncontrolled air emissions.  



• Additional refinement of the CSM and the performance of 
needed bench-scale and pilot-scale tests could take several 
years.  



• Remotely operated tank cleaning equipment or the manual 
entry and cleaning of the railroad tank cars could represent a 
significant site worker risk.  



• High-pressure water jets could damage the integrity of the 
60+-year-old railroad tank cars.  



 
 



5.5.2.4 Overall Likelihood of Success 
 
 Uncertainties regarding the CSM, the condition of the railcars, and the results of needed 
bench-scale and pilot-scale testing make it difficult to predict whether or not the P4 sludge could 
be excavated and treated.  
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6 ASSESSMENT OF APPLICABLE EXCAVATION  
AND TREATMENT TECHNOLOGIES 



 
 
6.1 REPORTING MATRIX 
 
 The Review Team examined 18 potentially applicable ETTs for excavating and treating 
P4 waste at the FMC OU (Table 6-1). The technologies examined ranged in maturity from a 
theoretical or conceptual stage to real-world examples of treating P4 waste in full-scale systems. 
Recognizing that P4 waste is present at depths as great as 85 ft below ground surface, the Review 
Team investigated the efficacy of ETTs that could treat P4 in situ. The Review Team also 
investigated the efficacy of numerous ex situ technologies that could access P4 waste present 
within the reach of conventional excavation equipment or that could access P4 waste beyond the 
reach of conventional excavation equipment if operated in conjunction with shoring, sloping, 
benching, and laybacks. We examined ETTs that could be used to handle P4 waste on site and/or 
off site. The Review Team examined underground pipelines and the abandoned railcars 
separately. As discussed in the main text and reflected in Table 6-1, multiple specialized 
technologies would probably be required to address these relics (underground pipelines and 
abandoned rail cars) of the former FMC plant. Furthermore, as discussed in the main text, several 
of the ETTs examined and summarized in Table 6-1 would have to be operated either 
simultaneously or in series to address P4 waste.  
 
 
6.2 EVALUATIONS 
 
 In addition to a listing of the pipeline remediation technologies and technologies 
applicable to the abandoned railcars considered by the Review Team, Table 6-1 summarizes an 
evaluation of ETTs as specified in the Work Order (Appendix A). Information about whether 
bench- and pilot-scale studies have been performed, and whether full-scale versions of the ETTs 
have been used, is also summarized. Table 6-1 indicates sites where the ETT has been used, 
whether the ETT is applicable to the FMC site, and the ETTs that warrant further consideration.  
 
 
6.2.1 In situ Technologies 
 
 The in situ ETTs evaluated involved thermal treatment and recovery, solvent leaching, 
and oxidant leaching. In order to focus the primary treatment, recovery, or leaching action of the 
in situ ETT, a containment technology would need to be used along with the ETT chosen. 
However, there are more considerable uncertainties associated with applying these in situ ETTs 
than is the case for the examined ex situ ETTs. These uncertainties fall into two categories: 
uncertainties about the CSM and uncertainties about the in situ ETTs. 
 
 Conceptually, the in situ ETTs have some merit; in order to function, however, the in situ 
ETTs must target a mass of P4 in the subsurface. Due to worker health and safety issues, site 
investigators have strived to avoid collecting any samples that contain P4. As a result, the 
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TABLE 6-1 Excavation and Treatment Technology Report Matrix 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
In situ Thermal 
Treatment and 
Recovery 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 
 



Further 
consideration not 
warranted 



      
In situ Solvent 
Leaching and 
Recovery Using 
Benign Solvents 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
In situ Oxidant 
Leaching 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
Containment 
Technologies  



Pilot-scale studies 
would be needed to 
determine viability 
of ETT 



Full-scale 
applications have 
been deployed (but 
not at P4 sites) 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
Mechanical 
Excavation 



Not required Full-scale 
applications have 
been deployed 



FMC, Idaho, 
Rhodia/Solvay, Silver 
Bow Montana (as 
related to the 
Supplemental FS) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Cutter Suction 
Dredging 



Not required Full-scale 
applications have 
been deployed 



Glenn Springs, 
Occidental Petroleum 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Thermal-Hydraulic 
Dredging  



Not required Full-scale 
applications have 
been deployed 



References found 
indicating use to 
manage wastewater 
treatment at a unnamed 
production facility 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
On-Site 
Incineration 



B&P-scale studies 
may be required to 
determine 
incinerator and 
post-treatment 
disposal site waste 
acceptance criteria 
(WAC)  



Full-scale 
applications have 
been deployed 



Technology such as an 
APE incinerator crane 
conversion plant; APE 
incinerator in Lubben, 
Germany; Veolia 
incineration facility in 
Sauget, Illinois (for 
RAAP P4 wastes) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 
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TABLE 6-1 (Cont.) 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
Drying/Mechanical 
Mixing under Tent 
Structure 



May be required to 
determine 
concentration limit 
for P4 waste 
handling 



Full-scale 
applications have 
been deployed 



P4 train derailment, 
Miamisburg, Ohio; and 
Stauffer Site, Tarpon 
Springs, Florida (tent 
structure alone; no 
mixing) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
A&W Batch Mud 
Still 



B&P-scale studies 
completed for 
other sites; B&P-
scale studies 
specific to FMC P4 
waste may be 
required 



Full-scale 
applications have 
been deployed, but 
B&P-scale studies 
specific to FMC 
will inform full-
scale design 



Rhodia/Solvay, Silver 
Bow, Montana 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
LDR Waste 
Treatment System 



B&P-scale studies 
may be required to 
determine WAC 
and post-treatment 
sludge 
conditioning to 
meet land disposal 
WAC  



Full-scale 
application has 
been deployed 



FMC, Idaho Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Wet Air Oxidation Pilot-scale studies 



performed 
Pilot-scale results 
did not support 
full-scale testing 



No reference on use for 
P4 remediation found 



Not applicable Further 
consideration not 
warranted 



      
Solvent Stirred 
Batch Reactor 



Needed before full-
scale design 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Not applicable Further 
consideration not 
warranted 



      
Off-Site 
Incineration Facility 



May be required to 
ensure waste meets 
WAC of 
incineration 
facility 



Full-scale 
applications known 



APE incinerator in 
Lubben, Germany; 
Veolia incineration 
facility in Sauget, 
Illinois (for RAAP P4 
wastes); P4 wastes 
from FMC Idaho Site 
have also been 
incinerated 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Post-Treatment 
On-Site Disposal 



May be required to 
ensure waste meets 
WAC of disposal 
site 



Full-scale 
applications known 



Disposal has occurred 
at multiple P4 sites; no 
reference for on-site 
disposal of P4 waste 
after treatment was 
found 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 
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TABLE 6-1 (Cont.) 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
Post-Treatment 
Off-Site Disposal 



May be required to 
ensure waste meets 
WAC of disposal 
site 



Full-scale 
applications known 



Incinerator residues 
from the RAAP were 
land disposed off site; 
incinerator residuals 
from FMC, Idaho, 
were disposed of off 
site 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Underground 
Pipeline Cleaning 
Technologies 



Needed before full-
scale implementa-
tion 



Full-scale 
applications for 
some pipelines at 
FMC are known 



Storm sewer cleanout, 
FMC, Idaho 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
ETTs to Address 
Abandoned Railcars 



Needed before full-
scale design 



Must be preceded 
by B&P-scale 
studies 



Miamisburg, Ohio, 
train derailment; 
phosphorus railcar 
derailment, Fairfield, 
California  



Not applicable Further 
consideration not 
warranted until 
the CSM can be 
refined  



 
a “Treatment” includes P4 and P4 by-product reuse and recovery. 



 
 
distribution of the P4 in the 85-ft unsaturated zone, the capillary fringe, and the saturated zone is 
completely uncharacterized and unknown. The depiction of P4 in the subsurface (Figure 2.3) is 
nothing more than an inference or best guess. The inferred contaminant CSM may or may not be 
true. The P4 may also have behaved like a dense nonaqueous phase liquid (DNAPL) and be 
present as DNAPL-like “ganglia,” blobs, and smear zones in a more widespread, dispersed 
contaminant mass than is depicted. Such a dispersed contaminant distribution may be more 
amenable to treatment using in situ ETTs. However, since only limited attempts have been made 
to characterize subsurface P4 because of investigation worker health and safety concerns, the 
identification and evaluation of in situ ETTs are difficult. As a result, the site CSM is not refined 
enough to indicate with certainty whether a defined mass of P4 can be specifically located and 
targeted for treatment with an in situ ETT. The CSM would have to be refined before B&P 
studies are designed or undertaken.  
 



Understanding the specific retention of P4 (i.e., the amount of P4 naturally retained on 
soil particles) would be important for evaluating how successful an in situ technology can be. 
Specific retention is a property described as the ratio of the volume of water that a rock or 
sediment retains against the pull of gravity to the total volume of the rock or sediment 
(Fetter 1988). Essentially, it describes how much moisture remains if a saturated soil drains to an 
unsaturated condition. This concept can be applied to other liquids moving through soil or 
sediment. The literature lacks examples of the specific retention of P4. An estimation of specific 
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retention would improve understanding of the expected distribution of residual P4 in the 
unsaturated zone. It would also be important for designing and evaluating in situ technologies.  
 



To estimate the specific retention of P4, a set of experiments could be performed with 
vertical cylinders (e.g., 4-in. pipes mounted vertically in a warehouse) full of alluvial materials 
(with a range of grain sizes to match characteristic site alluvium). The temperature of the 
cylinders and surroundings should be 50–70°C. The temperature of the escaped liquid P4 is not 
known. Various amounts of P4 heated to various temperatures (this could be refined if that 
information were published) could be released at the top of each cylinder and, after cooling, their 
extent in the tube could be documented. Note that the repacked alluvial sediments in the tubes 
would represent disturbed samples, and their permeability would be much larger than that in the 
study area. This experiment poses a serious risk of P4 oxidizing in air and producing a great deal 
of smoke and heat. One way to resolve this issue would be to conduct the experiment in an inert 
atmosphere glove box. 
 
 Another approach for estimating the residual in the unsaturated zone would be to model 
it, relying on a range of estimates for the unknown P4 release temperature, the subsurface 
temperature, thermodynamics, and alluvium properties. 
 
 There are also uncertainties associated with the in situ ETTs. To some extent, these 
uncertainties could be assessed with bench- and pilot-scale studies. At a minimum, bench- and 
pilot-scale studies would be needed to determine the following:  
 



• Whether the in situ ETT treatment regime can be used to mobilize and cause 
the P4 or P4 reaction by-product to flow toward an extraction point;  



 
• Appropriate construction materials for the well points (e.g., mild steel, 



stainless steel, PVC, etc.);  
 



• How to safely place injection and extraction well points using direct push 
technology, air rotary, mud rotary, hollow stem auguring, or sonic drilling 
techniques;  



 
• How to inject or introduce the in situ ETT-specific treatment regime;  



• Approaches for pumping P4 and P4 reaction by-products from the extraction 
points to the surface for subsequent handling by an ex situ ETT; and 



 
• Methods for measuring the success of the in situ ETT being used.  



 
 A containment technology could be used in conjunction with a selected in situ ETT to 
improve the effectiveness of the in situ ETT and to reduce the cost of the ETT (subject to the 
cost-effectiveness of the containment system). Although the in situ ETTs are potentially 
applicable to the FMC OU, uncertainties pertaining to both the CSM and the in situ ETTs 
suggest that further consideration of these in situ ETTs is not warranted because the subsurface 
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remediation, regardless of the ETT implemented, would be incomplete. In addition, the in situ 
ETTs, with or without containment technology, would involve significant safety and cost issues.  
 
 
6.2.2 Ex situ Technologies 
 
  It appears that P4 is present in a pure or nearly pure state in some portions of the former 
FMC plant. As noted during the grading operations performed in 2015, P4 exists throughout the 
materials in the near surface. The “treatment” aspect of some ETTs includes both the treatment 
of P4 waste and the process steps for the recovery of P4 or P4 by-products for resale/reuse. 
Conceptually, as discussed in Section 5, any P4 waste subject to remediation can be “triaged,” in 
that there could be three fractions to be addressed: 
 



1. P4 waste that can be “mined” and recycled and/or reused as P4 without 
treatment; 



 
2. P4 waste that requires treatment with an ETT, resulting in either the 



generation of a reusable by-product like P4 or phosphoric acid or a waste 
residual; and 



 
3. P4 waste that does not require treatment with an ETT. 



 
 The Review Team evaluated a number of technologies that could be used to excavate 
P4 waste and then treat, recover P4 or P4 by-products in the waste on-site, or transport the waste 
off site for treatment and recovery and/or disposal (Table 6-1). The Review Team also identified 
a number of principles that influenced the way the ETTs were selected for evaluation and the 
way the evaluation was performed (see Section 4). On the basis of these general principles, and 
assuming P4 waste can be triaged as noted above, it appears that a number of technologies could 
be used to both excavate and treat P4 waste.  
 
 



6.2.2.1 Ex situ Excavation and Ancillary Technologies  
 
 A number of approaches have been used to excavate P4 waste, both at FMC in the past 
and at other locations; these approaches include mechanical excavation, cutter suction dredging, 
and thermal-hydraulic dredging. As indicated in Table 5-10, the best excavation method depends 
on the area to be excavated. Experience has been gained using these excavation methods at the 
FMC Idaho facility and at other P4 manufacturing facilities. Based upon a review of archival 
documents, it appears that that FMC used dredging systems or processes in the past to recover 
P4 in wastewater pond sediment, aid in constructing new ponds, or aid in refurbishing existing 
ponds. The Supplemental FS mentions that in the 1980s a process to recover P4 from historical 
impoundment pond 8S was “developed, built, and tested” and then closed and removed in 1993. 
The more recently constructed LDR WTS was designed with the capacity to treat dredged 
P4 wastes from Pond 18, a waste stream similar to the one that produced the P4 waste present in 
the historical ponds. 
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 It appears that FMC has also gained considerable experience with dry excavation 
methods that disturb P4 in the subsurface. Appendix C documents numerous USCs associated 
with the unplanned identification of P4 during slag movement. USCs can include either 
uncovering P4 and allowing it to burn until P2O5 smoke is no longer visible or covering P4 with 
sand. In the event slag needs to be moved to gain access to a P4 excavation area, experience 
gained when moving slag as part of the regrading project may be useful. 
 
 Due to P4 hazards such as the creation of P2O5 smoke, excavation would have to be 
followed up immediately with a suite of ancillary technologies in order to safely stage, store, 
sample, size, and blend the excavated waste to meet the acceptance criteria of whatever 
“downstream” ETT is selected. Before the excavation project could be started, a strategy for 
segregating and staging (triaging) P4 waste as part of the excavation process would need to be 
developed.  
 
 For example, post-excavation, P4 waste causing USCs could be allowed to burn in the 
open (or within a covered structure, per Section 5.3.2). More concentrated P4 waste could be 
kept submerged in a container prior to treatment or recovery/reuse as off-specification P4.  
 
 As noted above, the LDR WTS was designed and built specifically to treat dredged 
P4-containing solids and sediments somewhat similar to the P4 waste present in the historical 
ponds. In particular, the LDR WTS design features that focus on the excavation, blending, 
dewatering, sizing, and treatment of residuals from Pond 18 seem to be directly applicable to the 
treatment of the waste present in the non-RCRA historical ponds. 
 
 The P4 waste would be relatively benign if kept submerged, so copious amounts of water 
may need to be added to an excavation footprint. However, as inferred in the guiding principles, 
sufficient water is assumed to be available for such an endeavor from the groundwater 
P&T system to be constructed and operated as part of the IRODA. Furthermore, contaminant 
migration caused or exacerbated by the use of water during excavation could be addressed by 
modifications to the groundwater P&T system.  
 
 Each of the three excavation ETTs examined by the Review Team is applicable to at least 
a subset of the P4 waste at the FMC site. Each of the three excavation ETTs warrants further 
consideration.  
 
 



6.2.2.2 Ex situ Treatment Technologies 
 
 The WAO and solvent still batch reactor do not warrant further consideration. 
Incineration (either on or off site), A&W batch mud still, the LDR WTS, and drying/mechanical 
mixing under a covered structure (such as a tent) warrant further consideration.  
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 WAO 
 
 Although B&P scale studies demonstrated the efficacy of WAO, pilot-scale studies 
indicated that operation of a full-scale WAO facility would be difficult. The WAO process 
requires exacting control of operational parameters, an N2 purge, and special wet-cake handling 
issues, and it would face challenging design, operation, and permitting requirements for the 
associated air pollution control system. Furthermore, the WAO process did not compare 
favorably with the anoxic caustic hydrolysis process, which is the basis of the LDR WTS, an ex 
situ ETT described later in this section.  
 
 
 Solvent Still Batch Reactor 
 
 The solvent-stirred batch reactor ex situ treatment ETT is at an early bench-scale or 
conceptual stage. The basis for this ex situ treatment ETT is the solvent extraction procedure 
used to prepare samples for analysis by gas chromatography (EPA Method 7580). Laboratory 
testing has been performed, which involves the solvent extraction procedure preparatory to EPA 
Method 7580 (EPA 2015). As noted in Table 6-1, B&P studies would be required. For pilot- and 
full-scale solvent operation, large quantities of relatively toxic solvents would be required. The 
solvent still batch reactor does not warrant further consideration.  
 
 
 On-Site or Off-Site Incineration 
 
 The P4 waste has been treated by rotary kiln-type incineration technology at several 
domestic and international locations. The rotary kiln design is of interest for a number of 
reasons. Rotary kiln incineration systems are flexible, allowing simultaneous treatment of 
liquids, solids, and sludge with wide variations in heating value. FMC acknowledged that 
incineration technology is potentially applicable to P4 waste (MWH 2009, 2010). In at least two 
instances, FMC excavated small amounts of P4 waste (during slag ladling foundation upgrades 
and while installing utilities for the LDR WTS) and sent containers of waste off site for 
incineration. However, in the Supplemental FS, incineration was rejected because P4 waste 
excavation, preparatory to incineration, was not considered a viable option by FMC. The Review 
Team disagrees in that there appears to be a long history of P4 waste excavation at the FMC OU, 
which suggests that P4 waste could be excavated and staged in preparation for treating it using 
methods such as incineration. Furthermore, recent advances in relevant remote dredging 
technologies, such as those summarized in Section 5.2, make the development of a safe P4 waste 
excavation strategy feasible. As a result, the Review Team has determined that a rotary kiln-type 
incineration design is applicable to a subset of the P4 waste at the FMC OU. 
 
 Transportable incinerators have been used at a number of Superfund sites, as discussed in 
Section 5. The amount of P4 waste to be treated at the FMC OU may warrant the installation of a 
more-or-less permanent incinerator design, should the on-site incineration option be selected. An 
on-site incinerator would also need to address emissions and residuals. There is some potential 
that a useful by-product, phosphoric acid, could be generated as part of the incineration process 
as is the case with the APE incinerator design for the Crane Army Ammunition Plant in Indiana.  
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 For the off-site incineration option, the transportation of P4 waste off site is a major 
consideration. Since P4 waste is relatively benign if submerged in water, it can be transported in 
a water bath in containers or railcars. However, for the off-site incineration option, the transport 
of P4 over either public roads or railroad corridors from the FMC plant to the destination off-site 
incinerator is a major drawback. Depending upon the amount of P4 waste targeted for 
excavation, a large number of containers and numerous truck trips (or transportation by rail) 
would be required for transport. If a large quantity of P4 waste is to be excavated in a short 
period of time, a dedicated fleet of trucks (or railcars) may be required. Fewer railcars and train 
trips would be required, but the number of railcars and train trips would still be substantial. 
When compared to a no action approach, increased truck and train trips could result in increased 
accident frequency and a nuisance to stakeholders.  
 
 For the on-site incineration option, waste residuals will also be created that could be 
handled in an on-site disposal facility or that may need to be transported to an off-site disposal 
facility. Incinerator residuals may need to undergo waste conditioning to meet LDR UTSs, 
whether or not the incinerator residuals are disposed of on site. As discussed in Chapter 4, 
however, residuals could be placed in an on-site CAMU or CAMU-like CERCLA unit without 
meeting LDRs, as long as such disposal could be demonstrated to be acceptable, considering 
risks to human health and the environment. If incinerator residuals are transported to an off-site 
disposal facility, there could also be truck traffic nuisance and accident factors to address, and 
incinerator residuals would have to meet the WAC of the off-site disposal facility.  
 
 Despite the issues associated with the off-site transport of either P4 waste or incinerator 
residuals, the ex situ treatment ETTs of on- or off-site incineration warrants further 
consideration. 
 
 
 Drying/Mechanical with or without Containment 
 
 The Review Team has determined that this ex situ treatment ETT is applicable to a subset 
of the P4 waste at the FMC OU. This technology may be applied with or without a containment 
structure. In particular, this technology could be used to control the emissions from the USCs 
described in Appendix C, mechanical excavation of P4 waste, or the implementation of other 
ETTs, including, for example, the excavation of underground pipelines. Bench- and pilot-scale 
studies may be needed to identify the optimal concentration of P4 waste that could be handled 
with or without a containment structure and associated air pollution control equipment. However, 
this ETT is a developed technology; a full-scale version of the ETT was used for the 
Miamisburg, Ohio, incident. As a result, this ex situ treatment ETT warrants further 
consideration.  
 
 
 A&W Batch Mud Still 
 
 The Review Team has determined that this ex situ treatment ETT is applicable to a subset 
of the P4 waste at the FMC OU. This technology was examined as part of a RCRA corrective 
action study meant to address P4 waste present in a clarifier at the Rhodia/Solvay facility in 
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Silver Bow, Montana. After the treatability studies, the technology could possibly be selected as 
a component of the corrective action for the P4 waste clarifier. Using the batch mud still to treat 
materials with of P4 waste concentrations of <10%, would probably be inefficient. Residuals in 
the clarifier at the Rhodia/Solvay plant contain P4 at concentrations of around 20%. Any waste 
residuals generated by the batch mud still would need to be disposed of in either an on-site or an 
off-site landfill (and conditioned, if needed, to meet LDR UTSs).  
 
 Because this is a batch process, the throughput capacity of this ETT is small. This could 
be overcome by constructing several mud stills. Among the many positive aspects of this ETT is 
that P4 waste can be processed sufficiently to create a recyclable/reusable P4 product (along with 
some process waste). Some B&P-scale studies may be needed to establish the best operating 
conditions and the batch mud still waste acceptance criteria (WAC) WAC for the subset of 
P4 waste from the FMC OU to be treated. Given the fact that the ETT could be selected as a 
component of the corrective action plan for the Rhodia/Solvay site, this ex situ treatment ETT 
warrants further consideration. It may be advisable, however, should the mud still be selected at 
Rhodia/Solvay, to follow the activities and determine possible use at the FMC OU based on 
application at that site.  
 
 
 Land Disposal Restriction Waste Treatment System 
 
 This ex situ treatment ETT included waste feed, waste treatment, off-gas treatment, and 
residual handling systems specifically designed to treat wastes from the manufacturing process 
and to treat dredged waste from Pond 18. As designed, the LDR WTS could treat suspended 
solids ranging from 3 to 8 wt% with concentrations of P4 ranging from 0% to 50%. As a result, 
with some design modifications, this ETT is applicable to a subset of the P4 waste at the FMC 
OU. Unit treatment steps in the design included dredge material handling systems, waste solid 
strainers, a size reduction mill, and a feed system to provide for pre-treatment testing and feed 
equalization. The design also included dual chemical reactors, a wet filter cake stabilization 
system, residual waste management, and an off-gas treatment system that produces both waste 
residuals and a reusable by-product, phosphoric acid. As designed, waste residuals would be 
disposed of in an off-site landfill (and conditioned, if needed, to meet LDR UTSs).  
 
 Given that some P4 waste would need to be heavily irrigated during mechanical 
excavation, and perhaps saturated if produced by flooding and dredging an excavation footprint, 
P4 wastes generated during excavation may be somewhat similar to the Pond 18 waste the 
system was designed to accept. In addition, experience gained in performing B&P-scale 
testing—and designing and constructing (although not operating the system since the FMC Plant 
was shut down due to increased power costs)—the treatment system can be leveraged to modify 
the design to allow treatment of many kinds of P4 waste. Although the LDR WTS probably 
could not be used to treat P4-contaminated debris such as piping and concrete blocks, this ex situ 
treatment ETT warrants further consideration. 
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 Ex situ Post-Treatment Disposal: On or Off Site  
 
 Disposal in place has been practiced at a number of P4 manufacturing facilities and at the 
FMC OU. For the purposes of this independent review, the Review Team evaluated the disposal 
of residuals after the P4 content was treated. Whether or not land disposal occurs post-treatment 
in an on-site or off-site disposal facility, disposal of P4 waste post-treatment is applicable. In 
fact, land disposal of P4 treatment residuals would be essential, given that any P4 treatment 
technology would produce a waste stream that would have to be disposed of.  
 
 The treatment of P4 residuals disposed of off site would have to meet the RCRA LDR 
UTSs. For example, at one time FMC planned to dispose of LDR WTS waste solids as a 
nonhazardous waste that meets RCRA LDR UTSs in a silica mine. In contrast, P4 treatment 
residuals disposed on site could potentially be managed in an alternative land disposal unit such 
as a RCRA CAMU or a CERCLA on-site land disposal unit. For example, Rhodia/Solvay, Inc., 
suggests that some of the residuals from the batch mud still could be managed in an on-site 
CAMU.  
 
 If P4 treatment residuals are transported to an off-site disposal facility, there could be 
truck traffic nuisance and accident factors to address. However, despite the issues associated 
with the off-site transport of P4 treatment residuals, the ex situ treatment land disposal ETTs of 
on- or off-site disposal warrants further consideration. 
 
 
 Underground Pipeline ETTs 
 
 FMC has performed underground pipeline cleaning at the FMC OU (or is in the process 
of performing pipeline cleanout). Both external and internal pipeline cleaning technologies have 
a proven track record. The Review Team has determined that underground pipeline ETTs are 
applicable to FMC. Resources will have to be devoted to performing B&P testing to determine 
the viability of technologies, but commercial off-the-shelf (COTS) technologies may be well 
suited to cleaning out the underground pipeline network at the FMC OU. Should the pipelines be 
degraded or clogged, site managers also have the option of excavating sections of pipeline that 
cannot be cleaned with internal cleaning technologies. Cleaned pipelines could be abandoned in 
place and filled with inert material. They may also be removed by excavation and incinerated. 
Excavated pipeline sections would require either decontamination on-site or shipment for 
treatment off-site, for example using incineration technology. Residuals collected from cleaning 
out the pipeline would also have to be containerized and treated, perhaps in a treatment ETT 
selected for the FMC or in an off-site incineration facility.  
 
 Given the success already achieved in cleaning out the storm sewer underground 
pipelines, and given the existence of COTS technologies for pipeline cleaning, underground 
pipeline ETTs warrant further consideration.  
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 Abandoned Railcar ETTs 
 
 Several of the ETTs discussed in this document have the potential to treat the P4 waste 
present in the abandoned railcars. However, there is not sufficient information available to 
determine whether or not an ETT would be specifically applicable to the abandoned railcars. The 
presence of large quantities of nearly pure P4 in the railcars creates a unique and risky hazardous 
material challenge that should not be undertaken unless and until the CSM is refined. A refined 
CSM is necessary before the Review Team can determine whether any excavation or treatment 
ETT warrants further consideration. At this time, a viable approach appears to be to leave the 
abandoned railcars in place. This approach is somewhat similar to the approach used for the 
Fairfield, California, railcar spill incident in Suisin Marsh, in that the overturned railcars were 
covered with a concrete cap and institutional/physical controls are used to prevent the site from 
being disturbed.  
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7 RECOMMENDATIONS 
 
 
 In addition to the most significant consideration (risk to site workers during 
implementation), a decision to excavate and treat P4 waste will have several effects, including 
the following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and 
 



• Impacts on schedule and cost.  
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then a number of the ETTs either singly or in combination could be used to 
address a subset of the P4 waste. However, the ETTs are in various stages of maturity; some 
ETTs are available for use immediately, and other ETTs are in a theoretical or conceptual phase 
that will require a long lead time for development. The ETTs in a theoretical or conceptual phase 
will require a dedicated funding source to develop a one of a kind customized adaption of the 
ETT to address the unique aspects of P4 remediation. There is no guarantee that after 
development the technologies can be used successfully to excavate and treat P4. As a result, the 
Review Team recommends focusing only on mature ETTs with a proven track record that have 
been used either at the former FMC plant or at another site where P4 was handled. These ETTs 
could be used to excavate and treat P4 present in the FMC OU (Table 7-1).  
 
 Should the decision be made to excavate and treat P4 waste, project plans would need to  
consider containment technologies, in conjunction with excavation and cutter suction dredging 
and thermal-hydraulic dredging ETTs, in order to excavate and stage P4 waste for subsequent 
handling. In particular, mechanical excavation techniques are well suited to move surface soil 
and soil present at intermediate depths, and to create the slopes and benches or to install the 
shoring protection systems needed to excavate deep soil. As a possible alternative, operations 
could be conducted during colder seasons to minimize emissions.  
 
 Each of the three excavation ETTs may be potentially applicable to deep soil. To date, 
FMS has moved millions of cubic yards of slag (Appendix F). Sloping and benching to achieve 
excavation depths in excess of 85 ft would require the movement of millions of cubic yards of 
material. Soil contaminated with high concentrations of P4 may require hydraulic rather than 
mechanical excavation. Containment technologies, for example freeze wall technology, could be 
used to help create an excavation footprint that could be flooded or saturated during soil removal. 
Nevertheless, techniques such as sloping and benching in order to access P4 waste present at the 
CERCLA ponds could impact the RCRA ponds in proximity to the excavation footprint. 
Although the site operating history indicates that surface and intermediate soil layers will allow 
water to be impounded, it is not known whether or not deep soil layers can be used to create a 
flooded excavation footprint. In addition, site remediation worker risks will increase as the depth 
of the excavation increases, due to the risk of cave-ins and the potential for exposure to 
phosphine gas and phosphoric acid emissions.  
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 P4 could be treated with a number of ETTs. Each ETT has advantages and disadvantages, 
as noted in the review parameter tables discussed for each ETT. Depending on the P4 waste 
identified for excavation and treatment, excavated P4 waste could be initially staged, and less-
contaminated portions could be treated using drying and mechanical mixing under a tent 
structure. The readiness of an ETT to be used to excavate or treat P4 waste has been designated 
in Table 7-1. Readiness in this case is an estimate based on best professional judgment. The 
timespans noted for readiness are most useful when comparing ETTs to each other in that some 
ETTs probably require more preparation time before implementation than others. The accuracy 
of the timespan estimate is best for the “near-term” readiness category. For example, the near-
term category (within 1 year) is estimated to be correct for technologies with real world 
examples that are available currently. By way of example, as noted in the text, P4 waste from 
FMC and other sites has been mechanically excavated, containerized, and shipped off site for 
treatment in an off-site incinerator. Accuracy decreases for the mid-term and the long-term 
readiness category. The ETTs that could be readied in the mid-term would require a longer 
preparation time because the ETTs (dredging or the pipe cleaning technologies) would likely 
require a water component involving modifications and operation of the P&T system (to provide 
access to a water source) and may include preparing containment features to allow for the 
excavation footprint to be flooded. ETTs in the long-term readiness category are assumed to 
require a longer lead time to address design and approval requirements and waste acceptance 
criteria. 
 



Technologies ready in the near-term (within 1 year) include mechanical excavation, 
containment technologies, off-site incineration, and drying mechanical mixing under a tent 
structure. 
 
 Technologies that could be readied in the mid-term (1 to 2 years) include cutter suction 
dredging, thermal-hydraulic dredging, and underground pipeline cleaning technologies.  
 
 Technologies requiring a longer lead time (2 to 5 years) include on-site incineration, 
LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-treatment off-site 
disposal.  
 
 If a decision is made to excavate and treat P4 waste, stakeholders  could proceed as 
follows: 
 



• Identify the P4 waste to be excavated and treated;  
 



• As part of the P4 excavation project plan development process, refine the 
existing CSM of the three-dimensional distribution of P4 to be excavated and 
treated (the model should address the anticipated P4 concentrations and the 
physical and chemical characteristics of the host media); 



 
• Determine whether the risk to site investigators created by collecting samples 



containing P4 as needed to refine the CSM are acceptable (if the CSM cannot 
be sufficiently refined, an excavation and treatment plan robust and flexible 
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enough to characterize, stage, and treat P4 waste as excavation occurs will 
need to be developed); 



 
• Select the treatment technologies required to treat the identified waste within 



the desired schedule; 
 



• Select the excavation and ancillary technologies required to excavate and 
stage the identified waste in preparation for treatment;  



 
• Determine the sequence of actions, including plan development, applications, 



and approvals; and 
 



• Implement the actions.  
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TABLE 7-1 Readiness of Technologies for Excavating or Treating P4 Wastea 



 P4 Waste Type 



ETT 
Process 
Wasteb 



Contaminated 
Surface Soilc 



Contaminated 
Soil at 



Intermediate 
Depthd 



Contaminated 
Deep Soile 



Contaminated 
Debrisf 



Containment Technologies     Potentially 
applicable 



 



Mechanical Excavation    Potentially 
applicable 



 



Cutter Suction Dredging    Potentially 
applicable 



Not 
applicable 



Thermal-Hydraulic Dredging    Potentially 
applicable 



Not 
applicable 



On-Site Incineration     



Drying – Mechanical Mixing 
under Tent Structure 



Not 
applicable 



   Not 
applicable 



A&W Batch Mud Still   Not 
applicable 



Not 
applicable 



Not 
applicable 



LDR Waste Treatment System     Not 
applicable 



Off-Site Incineration Facility     



Post-Treatment On-Site Disposal     



Post-Treatment Off-Site Disposal     



Underground Pipeline Cleaning 
Technologies 



   Not 
applicable 







 
a A checkmark indicates the ETT could be used to excavate and/or treat a subset of the P4 waste at the FMC OU. 



The color green indicates a technology that could be ready in the short-term (within 1 year); blue indicates a 
technology that could be ready in the mid-term (1 to 2 years); yellow indicates a technology that could be ready in 
the long term (3 to 5 years). “Treatment” includes P4/P4 by-product reuse and recovery. 



b “Process waste” includes phossy water, phossy solids, precipitator slurry, slag, and slag-related and treatment 
residuals from kiln and calciner off-gas treatment. 



c “Surface soil” is soil that can be safely accessed by site workers using benching, sloping, or laybacks. 



d “Intermediate depth” in this case includes soil that is present at depths at which shoring is required to comply 
with Subpart P, “Excavations,” of 29 CFR 1926.652 (i.e., Part 1926, “Safety Regulations for Construction”) to 
address the potential for cave-ins. 



e “Deep soil” in this case is soils in excavations that are more than 20 ft deep; excavations would have to be 
designed by a professional engineer to satisfy 29 CFR 1926.652. Benching or 3:1 sloping required to excavate 
deep soil would likely affect RCRA ponds. Risks to remediation workers due to cave-ins and exposure to 
phosphine and phosphoric acid may increase with an increase in excavation depth. 



f “Contaminated debris” includes man-made items, such as concrete, reinforced concrete, piping, tanks, lumber, 
and sheet metal. 
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8 SUMMARY AND CONCLUSIONS 
 
 
 In September 2012, the EPA issued an IROD for the FMC Operable Unit in Pocatello, 
Idaho (EPA Region 10 2012a). In the Supplemental RI/FS, a review of technologies that could be 
implemented to address the P4 in the soil (the principal threat waste) was conducted 
(MWH 2010). On the basis of that review and CERCLA’s nine criteria, the EPA determined that 
capping was the preferred approach. However, the Tribes favor the permanent removal and/or 
treatment of contaminants. The Tribes have expressed concerns regarding the previous review 
conducted on potential treatment technologies. To address the Tribes’ concerns, the EPA and the 
Tribes agreed to have Argonne perform an independent review of technologies, referred to as 
ETTs, which could be used to treat the principal threat waste. The framework of how the 
independent review was to be performed was arrived at by consensus and documented in a Work 
Order. The Work Order was developed during a face-to-face meeting with EPA and the Tribes 
and was refined in a follow-up teleconference in the spring and summer of 2014. For the 
purposes of this independent review, an ETT was assumed to be a technology that can excavate 
and/or treat P4 waste. The P4 was assumed to be process waste, soil, and debris (debris in this 
case being considered a man-made object containing or contaminated with P4). 
 
 In response to the Work Order, Argonne established an expert Review Team to perform 
the tasks established in the Work Order. In part, the Work Order directed the Review Team to 
identify ETTs that warranted further consideration. Since some ETTs also involve excavation 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered reasonable potential for successfully and safely addressing the P4 waste. Only 
those technologies that made this cut are examined in detail in this report. The technologies were 
categorized into groups depending on their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 
 



• Ex situ treatment technologies, including both on and off site; and 
 



• Ex situ (off-site) disposal technologies. 
 
 In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and abandoned railcars warranted special consideration. Technologies 
addressing these special cases were also included.  
 
 The Review Team examined in detail 18 ETTs that could potentially be applicable for 
excavating and treating P4 waste at the FMC OU. The technologies examined ranged in maturity 
from theoretical or conceptual stages to real-world examples of treating P4 waste in full-scale 
systems. 
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 Although the in situ ETTs examined are potentially applicable to the FMC OU, 
uncertainties pertaining to both the CSM and the in situ ETTs suggest that further consideration 
of in situ ETTs is not warranted because the subsurface remediation, regardless of the ETT 
implemented, would be incomplete. In addition, the in situ ETTs, with or without containment 
technology, would involve significant safety and cost issues. The health and safety concerns 
would be caused by the need to perform additional site characterization work. 
 
 The Review Team decided that several ex situ ETTs did not warrant further 
consideration; these included solvent-stirred batch reactor, WAO, and technologies considered 
for abandoned railcars. Further consideration of WAO is not warranted due to operational issues. 
The solvent still batch reactor was rejected because the process is only in the bench-scale stage. 
Insufficient information is available to determine whether or not an excavation or treatment ETT 
would be specifically applicable to the abandoned railcars. A refined railcar CSM is necessary 
before the Review Team can determine whether any excavation or treatment ETT warrants 
further consideration. 
 
 After the evaluation process, the Review Team determined that the following ETTs 
warrant further consideration:  
 



• Containment technologies, 
 



• Mechanical excavation, 
 



• Cutter suction dredging,  
 



• Thermal-hydraulic dredging, 
 



• On-site incineration, 
 



• Drying – mechanical mixing under tent structure, 
 



• A&W batch mud still, 
 



• LDR waste treatment system, 
 



• Off-site incineration facility, 
 



• Post-treatment on-site disposal, 
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• Post-treatment off-site disposal, and 
 



• Underground pipeline cleaning technologies.  
 
 In addition to the most significant consideration, risk to site workers during 
implementation, a decision to excavate and treat P4 waste will have several effects, including the 
following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and 
 



• Impacts on schedule and cost.  
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used in 
combination to treat only a subset of the P4 waste present at the site. Concerns about the health 
and safety of investigation site workers using the then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of the site, 
including, for example, the railroad swale, the vadose zone beneath the Furnace Building, and 
the abandoned railcars. It appears that no attempt was made to experiment with or to use 
alternative characterization methods (such as modified PPE), nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, etc.) as part of the investigation. As a result, 
the CSM in those particular areas is not refined enough to allow a full evaluation of ETTs and to 
allow the Review Team to draw conclusions about the efficacy of the ETTs examined. However, 
in other areas of the site, for example, the historical ponds, process knowledge (information 
about process waste stream discharged to the historical ponds) and the information gathered 
during both the CERCLA investigations and the RCRA-related investigations provide the 
information needed to determine whether or not the ETTs considered warrant further 
consideration for treating P4 those areas. The readiness of an ETT for implementation varies 
depending on many factors, including stakeholder input, permitting, and remedial action 
construction requirements. Technologies ready in the near term (within 1 year) include 
mechanical excavation, containment technologies, off-site incineration, and drying and 
mechanical mixing under a tent structure. Technologies that could be ready in the mid-term (1 to 
2 years) include cutter suction dredging, thermal-hydraulic dredging, and underground pipeline 
cleaning technologies. Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-
treatment off-site disposal. 
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Greg Gervais, P.E.
Chief, Technology Assessment Branch | EPA OLEM OSRTI TIFSD
1200 Pennsylvania Ave NW, MC 5203P | Washington, DC 20460
703-603-0690 (o) | 571-289-2998 (c) | gervais.gregory@epa.gov | epa.gov/superfund | clu-in.org
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From: Martino, Louis E. [mailto:martinol@anl.gov] 
Sent: Monday, February 01, 2016 3:10 PM
To: Kelly Wright <kwright@sbtribes.com>; Jill Grant <jgrant@jillgrantlaw.com>; susanh@ida.net;
 dreisman@cinci.rr.com; Gervais, Gregory <Gervais.Gregory@epa.gov>; Adam, Michael
 <Adam.Michael@epa.gov>; Fiedler, Linda <Fiedler.Linda@epa.gov>; Fonseca, Silvina
 <Fonseca.Silvina@epa.gov>
Cc: Kimmell, Todd A. <tkimmell@anl.gov>; Quinn, John <quinnj@anl.gov>; Jerden, James L., Jr.
 <jerden@anl.gov>
Subject: 1st of two emails with final report
 
All,
 
Attached please find the main text of the report. Another email will follow with appendices (to be sure
 large files get through file size walls at your organization). I know I am speaking for the Argonne team
 when I indicate that it has been a pleasure working with all of you. Thanks again for giving us the
 opportunity to work on this technically challenging project.
 
Louis Martino
Argonne National Laboratory
955 L'Enfant Plaza SW Suite 600 
Washington DC 20024
 
 
202 488 2422
fax 2413
mobile 443 538 4260
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From: Susan Hanson
To: Williams, Jonathan
Cc: Kelly Wright; McDonnell, Kimberlee
Subject: Re: Disposition of USC Material
Date: Wednesday, February 17, 2016 11:00:47 AM


Thanks.  Kelly indicated he thought my server was down or full during that time.  I will locate your earlier emails.


Thanks
Susan Hanson


On Feb 17, 2016, at 11:58 AM, "Williams, Jonathan" <Williams.Jonathan@epa.gov> wrote:


> The Dec. 15 FMC memos came to Beth Sheldrake from Liz Davis.  I forwarded them to Kelly, you, and others
 December 22, 2015 shortly after I received them.  And I re-forwarded them to you earlier today.
>
> Jonathan Williams, LHG
> Remedial Project Manager
> U.S. Environmental Protection Agency
> 1200 Sixth Avenue, Suite 900, ECL-122
> Seattle, WA  98101
>
> Telephone:  (206) 553-1369
> E-mail:  williams.jonathan@epa.gov
>
> -----Original Message-----
> From: Susan Hanson [mailto:susanh@ida.net]
> Sent: Wednesday, February 17, 2016 6:41 AM
> To: Williams, Jonathan <Williams.Jonathan@epa.gov>; Kelly Wright <kwright@sbtribes.com>
> Subject: Disposition of USC Material
>
> Hi Jonathan,
>
> I have looked back through emails of December 2015,  and do not find any document on the Disposition of USC
 material from either Marjo or Rob.  Could you please forward?
>
> Thanks
> Susan Hanson
>
>
>
>
>
>
>
>
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From: Williams, Jonathan
To: Zavala, Bernie; Boyd, Andrew
Cc: McDonnell, Kimberlee
Subject: FW: (Lepic FOIA) Argonne National Laboratory Independent Review of Technologies for P4: 1st of two emails


 with final report
Date: Wednesday, February 10, 2016 9:51:15 AM
Attachments: Main Text Independent Review Phosphorus-Remediation-EVS-TM-15-2-January 2016.pdf


The ANL report is attached.  I’ll forward appendices next.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Gervais, Gregory 
Sent: Monday, February 01, 2016 12:29 PM
To: OLEM OSRTI OD Materials <OLEM_OSRTI_OD_Materials@epa.gov>; Barr, Pamela
 <Barr.Pamela@epa.gov>; Fitz-James, Schatzi <Fitz-James.Schatzi@epa.gov>; Stalcup, Dana
 <Stalcup.Dana@epa.gov>; Ammon, Doug <Ammon.Doug@epa.gov>; Benjamin, Kent
 <Benjamin.Kent@epa.gov>; Baca, Andrew <Baca.Andrew@epa.gov>; Sims, JaniceHQ
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INDEPENDENT REVIEW OF ELEMENTAL PHOSPHORUS REMEDIATION 
AT THE EASTERN MICHAUD FLATS FMC OPERABLE UNIT 



NEAR POCATELLO, IDAHO 
 



by 
 



L.E. Martino, J.J. Jerden, Jr., T.A. Kimmell, and J. Quinn 
 
 



ABSTRACT 
 
 



 Elemental phosphorus (P4) was manufactured from phosphate ore at 
FMC’s Pocatello, Idaho, facility (referred to throughout this report as the FMC 
operable unit [OU]), located on privately owned land within the Shoshone-
Bannock Tribes’ Fort Hall Indian Reservation. The now-closed facility includes 
disposal sites regulated under the Resource Conservation and Recovery Act, as 
amended, and the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), as amended. In September 2012, the 
U.S. Environmental Protection Agency (EPA) issued an Interim Amendment to 
the Record of Decision for the CERCLA waste disposal sites on the FMC OU. 
The EPA determined that capping was the preferred approach for the long-term 
management of the disposal sites. However, the Shoshone-Bannock Tribes 
(Tribes) favor the permanent removal and/or treatment of P4. To address the 
Tribes’ concerns about the results of the CERCLA process, the EPA and the 
Tribes agreed to have Argonne National Laboratory (Argonne) perform an 
independent review of excavation and treatment technologies (ETTs). This report 
documents how the independent review was conducted and presents the results of 
the review.  
 
 Argonne’s Review Team examined in situ treatment technologies and 
ex situ ETTs. The ETTs evaluated by the Review Team are in various stages of 
maturity; some are available for use immediately, and others are in a theoretical or 
conceptual phase and will require a long lead time for development. In some 
cases, uncertainties about the Conceptual Site Model (CSM) prevented a full 
evaluation of ETTs. As a result, the Review Team recommends focusing only on 
mature ETTs that have a proven track record and that have been used successfully 
either at the former FMC facility or at other sites where P4 was handled. In 
addition to the most significant consideration (i.e., risk to site workers during 
implementation of the selected alternative), a decision to excavate and treat 
P4 waste would have several additional impacts, including the following:  
 
• Impacts on community health and safety, 
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• Impacts on the environment, and 
 
• Impacts on schedule and cost. 
 
 If, despite risks to workers and these potential impacts, stakeholders  
decide that P4 wastes need to be excavated and treated, the Review Team 
determined that a number of the ETTs examined warrant further consideration for 
the treatment of P4 waste that has been characterized (for example, P4 waste 
present in the historical ponds). Nevertheless, concerns about the health and 
safety of site investigation workers using then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of 
the site (e.g., the railroad swale, the vadose zone beneath the Furnace Building, 
and the abandoned railcars), As a result, the contaminant CSM in those particular 
areas was not refined enough to allow the Review Team to draw conclusions 
about using some of the ETTs to treat P4 waste in those areas. The readiness of an 
ETT for implementation varies depending on many factors, including stakeholder 
input, permitting, and remedial action construction requirements. Technologies 
that could be ready for use in the near term (within 1 year) include the following: 
mechanical excavation, containment technologies, off-site incineration, and 
drying and mechanical mixing under a tent structure. Technologies that could be 
ready for use in the mid-term (1 to 2 years) include cutter suction dredging, 
thermal-hydraulic dredging, and underground pipeline cleaning technologies. 
Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, a land disposal restriction waste treatment system, an Albright & 
Wilson batch mud still, post-treatment on-site disposal, and post-treatment off-site 
disposal. 



 
 



EXECUTIVE SUMMARY 
 
 
  In September 2012, the U.S. Environmental Protection Agency (EPA) issued an Interim 
Amendment to the Record of Decision for the FMC Operable Unit (OU), Eastern Michaud Flats 
Superfund site in Pocatello, Idaho (EPA Region 10 2012a). In the Supplemental Remedial 
Investigation/Feasibility Study (Supplemental RI/FS), a review was conducted of technologies 
that could be implemented to address elemental phosphorus (P4) in the soil (the principal threat 
waste) (MWH 2010). Throughout this report, P4 is used to refer to the highly reactive, toxic 
allotrope of elemental phosphorus also known as white or yellow phosphorus. On the basis of 
that review and the Comprehensive Environmental Response, Compensation, and Liability Act’s 
(CERCLA’s) nine criteria, the EPA determined that capping was the preferred approach. 
However, the Shoshone-Bannock Tribes (Tribes), who are major stakeholders, favor the 
permanent removal and/or treatment of P4. The Tribes have expressed concerns regarding the 
previous review of potential treatment technologies. To address their concerns, the EPA agreed 
to commission an independent review of excavation and treatment technologies (ETTs) for soils 
contaminated with P4 to supplement the original assessment of potential ETTs. 
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 The EPA and the Tribes agreed that the review should be conducted by an independent, 
objective entity capable of assembling researchers with world-class expertise in the subject 
matter. The EPA believes, and the Tribes have concurred, that Argonne National Laboratory 
(Argonne) has this capability. The EPA and the Tribes agreed to a framework for how the 
independent review is to be performed. This review framework is described in the July 1, 2014, 
document included in this report as Appendix A: Independent Review of Elemental Phosphorus 
Remediation at Eastern Michaud Flats, FMC Operable Unit, Work Order, per Interagency 
Agreement EPA DW-89-92291201/Proposal P-08125 (hereinafter called the “Work Order”). As 
the EPA indicates in the Work Order, the results of this independent review will ultimately 
supplement the previous evaluation of treatment technologies conducted pursuant to the 
Supplemental RI/FS. 
 
 Argonne submitted a Response to the Work Order, referred to as the Technical Proposal, 
on September 29, 2014. The Technical Proposal, included in this report as Appendix B, 
described the process for establishing an expert Review Team and proposed a scope of work for 
performing the independent review. The Review Team performed the following tasks to address 
the Work Order: 
 



• Reviewed existing site characterization information, 
 



• Reviewed technologies, 
 



• Evaluated applicability of technologies, 
 



• Proposed evaluation parameters, and 
 



• Documented results in a report. 
 
 The Review Team learned that due to site investigation worker health and safety issues, 
site investigators have avoided collecting any samples that contain P4. Therefore, only sparse 
site characterization data are available to indicate where the P4 is and is not located throughout 
the site. Although its vertical and lateral distributions is not well defined, it is inferred that P4 
can be found in the soil at the site at various concentrations, ranging from just above the 
analytical detection limit to its nearly pure form. Except at low temperatures, P4 oxidizes almost 
instantaneously upon exposure to air, releasing toxic gases. Red phosphorus and, in some cases, 
other compounds containing phosphorus are also present. Industrial process infrastructure 
(e.g., the underground pipelines used to convey gases from the electric arc furnaces to the 
calciner) could contain nearly pure P4, especially if the P4 in the pipelines has not been exposed 
to air. Railcars that are suspected to contain highly concentrated P4 are also buried at the site. As 
a result of the site’s product- and waste-handling practices, P4 in various forms has affected the 
native soil at the site, which is composed of silt, sandy silt, sand, gravel, gravelly silt, and 
cobbles. 
 
 P4 waste is present at the former FMC plant in waste disposal units that underwent 
closure under the Resource Conservation and Recovery Act (RCRA) and that are now being 
managed under RCRA post-closure plans. P4 waste is also present in portions of the plant that 
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were not regulated under RCRA (hereinafter called non-RCRA areas). This independent review 
did not focus on the closed disposal sites  regulated under RCRA. In some cases, however, the 
closed RCRA units are on top of or adjacent to the non-RCRA areas. The Review Team did not 
evaluate whether or not the proximity of the non-RCRA areas to the closed disposal sites 
regulated under RCRA would affect the ability to implement the ETTs discussed in this 
independent review. 
 
 Working with the EPA and the Tribes, Argonne proposed draft and draft final versions of 
the ETT review parameters from September 2014 to February 2015. The final version of the ETT 
review parameters includes the following:  
 



• Process maturity, 
 



• Limitations, 
 



• Time to implement (not including permitting and approvals), 
 



• Effectiveness of removing and/or treating P4 on site, 
 



• Process safety for site workers during implementation, 
 



• Community health and safety during implementation, 
 



• Impacts to the environment during implementation, 
 



• Post-implementation impacts on the environment and the community, and 
 



• Overall discussion of advantages and disadvantages. 
 
 After examining the issues at the FMC OU and the regulatory history at the site over the 
years, removal or remedial actions that were taken at similar sites in the past, and potential ETTs 
that might be applied, Argonne identified a number of principles that influenced the way the 
independent review was performed. These are as follows: 
 



• Technologies to safely excavate, size, create waste feed materials, and 
temporarily store P4 waste in preparation for treatment in a “downstream” 
ETT appear to exist (hereinafter called “ancillary technologies”). 



 
• Site worker safety issues associated with the implementation of any ex situ 



ETTs appear to be comparable to the site worker safety issues associated with 
the original manufacturing process for producing, packaging, and transporting 
P4 and managing P4 waste. Appropriate engineering controls and personal 
protective equipment (PPE) can be used to control worker exposure during 
remediation activity in compliance with worker protection regulations under 
the Occupational Safety and Health Administration. 
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• Any water requirements for ETTs (including water needs for ETT 
implementation and the potential for accentuating contaminant migration) can 
be addressed by modifications to the groundwater pump-and-treat system 
required in the Interim Record of Decision. 



 
 For the purposes of this independent review, the Review Team considered an ETT a 
technology that can excavate and/or treat P4 waste or that can reclaim P4 for reuse or produce a 
P4 by-product. ETTs include technologies that can treat P4 in situ. Furthermore, ETTs also 
include the ancillary technologies required to store, sample, size, and blend the waste feed for a 
treatment technology. P4 waste includes process waste, soil, and debris (in this case, debris is 
any man-made object) containing or contaminated with P4.  
 
 Potential ETTs that could be implemented at the FMC OU were researched extensively. 
The research focused on P4 ETTs but also considered how to deal with heavy metals and 
radionuclides that might be present in significant amounts at various locations within the FMC 
OU. The Review Team, recognizing that P4 and P4 by-products (post-treatment) have value, also 
examined recovery technologies. Landfill options were examined only insofar as they could be 
used to address residuals that remained after P4 was removed from soil and debris and/or treated 
to reduce its concentration to acceptable levels. 
 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered a reasonable potential for successfully and safely addressing the P4 waste. 
Only those technologies that made this cut are examined in detail in this report, using the ETT 
review parameters cited above. The technologies were categorized into groups depending on 
their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 
 



• Ex situ treatment technologies, including both on-site and off-site treatment; 
and 



 
• Ex situ (off-site) disposal technologies. 



 
 In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and buried railcars warranted special consideration. Technologies addressing 
these special cases are also included. 
 
 The Review Team examined in detail 18 ETTs that potentially could be applicable for 
excavating and treating P4 waste at the FMC OU. The technologies examined ranged in maturity 
from a theoretical or conceptual stage to a mature technology that has been used to treat P4 waste 
in real-world, full-scale systems.  
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 Although the in situ ETTs examined are potentially applicable to the FMC OU, 
uncertainties pertaining to both the Conceptual Site Model (CSM) and the in situ ETTs suggest 
that further consideration of these technologies in situ is not warranted because subsurface 
remediation, regardless of which ETT was implemented, would be incomplete. In addition, the 
in situ ETTs, with or without containment technology, would involve significant safety and cost 
issues, which would primarily be associated with the need to refine the CSM and perform bench- 
and pilot-scale studies. 
 
 The Review Team decided that several ETTs did not warrant further consideration; these 
included solvent stirred batch reactor, wet air oxidation, and technologies considered for 
abandoned railcars. Further consideration of wet air oxidation is not warranted due to operational 
issues. The solvent still batch reactor was rejected because the process is only at the bench-scale 
stage. Insufficient information is available to determine whether or not an excavation or 
treatment technology would be specifically applicable to the abandoned rail cars. A refined CSM 
is necessary before the Review Team could determine whether any excavation or treatment 
technology warrants further consideration. 
 
 After the evaluation process, the Review Team determined that the following ETTs 
warrant further consideration: 
 



• Containment technologies, 
 



• Mechanical excavation, 
 



• Cutter suction dredging, 
 



• Thermal hydraulic dredging, 
 



• On-site incineration, 
 



• Drying-mechanical mixing under a tent structure, 
 



• Albright & Wilson (A&W) batch mud still, 
 



• Land disposal restriction (LDR) waste treatment system (WTS), 
 



• Off-site incineration facility, 
 



• Post-treatment on-site disposal, 
 



• Post-treatment off-site disposal, and 
 



• Underground pipeline cleaning technologies.  
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 In addition to the most significant consideration (risk to site workers during 
implementation), a decision to excavate and treat P4 waste would have several effects. These 
include the following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and  
 



• Impacts on schedule and cost. 
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used in 
combination to treat only a subset of the P4 waste present at the site. Concerns about the health 
and safety of investigation site workers using the then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of the site, 
including, for example, the railroad swale, the vadose zone beneath the Furnace Building, and 
the abandoned railcars. It appears that no attempt was made to experiment with or to use 
alternative characterization methods (such as modified PPE, nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, etc.) as part of the investigation. As a result, 
the CSM in those particular areas is not refined enough to allow a full evaluation of ETTs and to 
allow the Review Team to draw conclusions about the efficacy of the ETTs examined. However, 
in other areas of the site, for example, the historical ponds, process knowledge (information 
about the process waste stream discharged to the historical ponds), and the information gathered 
during both the CERCLA investigations and the RCRA-related investigations, provide the 
information needed to determine whether or not the ETTs considered warrant further 
consideration for P4 in those areas. The readiness of an ETT for implementation varies 
depending on many factors, such as stakeholder input, permitting, and remedial action 
construction requirements. Technologies ready in the near-term (within 1 year) include 
mechanical excavation, containment technologies, off-site incineration, and drying and 
mechanical mixing under a tent structure. Technologies that could be ready in the mid-term (1 to 
2 years) include cutter suction dredging, thermal-hydraulic dredging, and underground pipeline 
cleaning technologies. Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-
treatment off-site disposal. 
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1 INTRODUCTION 
 
 
1.1 SUMMARY OF ISSUES AT THE FMC OPERABLE UNIT 
 
  Elemental phosphorus (P4) was manufactured from phosphate ore at FMC’s Pocatello, 
Idaho, facility (referred to throughout this report as the FMC Operable Unit [OU]), located on 
1,400 acres of privately owned land within the Shoshone-Bannock Tribes’ Fort Hall Indian 
reservation (land that is referred to as “Eastern Michaud Flats” or EMF). In 1990, FMC was the 
world’s largest producer of P4. Operating from 1949 until 2001, FMC (or predecessor 
P4 manufacturers) processed about 1.4 million tons of shale ore per year, produced 
250 million lb of P4 per year, and generated about 1,360,000 tons of hazardous waste per year 
(FMC 2000) (Figure 1-1). The FMC plant closed in 2001. 
 
 In September 2012, the U.S. Environmental Protection Agency (EPA) issued an Interim 
Amendment to the Record of Decision for the EMF Superfund site in Pocatello, Idaho 
(EPA Region 10 2012a). In the Supplemental Remedial Investigation/Feasibility Study 
(Supplemental RI/FS), a review of technologies that could be implemented to address the P4 in 
the soil (the principal threat waste) was conducted (MWH 2010). On the basis of that review and 
using the Comprehensive Environmental Response, Compensation, and Liability Act’s 
(CERCLA’s) nine criteria, the EPA determined that capping was the preferred approach. 
However, the Shoshone-Bannock Tribes (Tribes) favor the permanent removal and/or treatment 
of contaminants. The Tribes have expressed concerns regarding the previous review conducted 
on potential treatment technologies. To address the Tribes’ concerns, the EPA agreed to 
commission an independent review of excavation and treatment technologies (ETTs) for soils 
contaminated with P4 to supplement the assessment of potential ETTs. 
 
 



 



FIGURE 1-1 FMC Operable Unit  
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 For the purposes of this independent review, P4 waste is considered process waste 
(i.e., waste created by the P4 manufacturing process) and also soil contaminated with P4 and 
debris (man-made materials) contaminated with P4. An ETT is a technology that can excavate 
and/or treat P4 waste. Technologies that can treat P4 waste in situ were also considered ETTs. 
Furthermore, ETTs include the ancillary technologies required to store, sample, size, and blend 
the waste feed for a treatment technology. 
 
 
1.2 ARGONNE’S ROLE AS AN INDEPENDENT REVIEWER 
 
 The EPA is committed to working closely with the Tribes in framing and conducting this 
independent review of ETTs for soil contaminated with P4. The EPA and the Tribes agreed that 
the review should be conducted by an independent, objective entity capable of assembling 
researchers with world-class expertise in the subject matter. The EPA believes, and the Tribes 
have concurred, that Argonne National Laboratory (Argonne) has this capability. The EPA and 
the Tribes agreed to a framework for how the independent review is to be performed. This 
review framework is described in the July 1, 2014, document included in this report as 
Appendix A: Independent Review of Elemental Phosphorus Remediation at Eastern Michaud 
Flats, FMC Operable Unit, Work Order, per Interagency Agreement EPA DW-89-
92291201/Proposal P-08125, (hereinafter called the “Work Order”) Argonne National 
Laboratory, Environmental Science Division. As EPA indicates in the Work Order, the results of 
this independent review will ultimately supplement the previous evaluation of treatment 
technologies conducted pursuant to the Supplemental RI/FS. 
 
 To address the concerns of the Tribes, Argonne submitted a Response to the Work Order, 
referred to as the Technical Proposal, on September 29, 2014. The Technical Proposal, included 
here as Appendix B, describes how the Review Team initially planned to perform Phase 1 of the 
Work Order, which involved researching, reviewing, evaluating, and reporting on ETTs for the 
FMC OU. This independent review summarizes the results from Phase 1 of the Work Order. 
 
 
1.3 ESTABLISHMENT OF THE REVIEW TEAM 
 
 The Review Team consists of four Argonne staff members who are subject matter experts 
(SMEs). Information on the team members and their related expertise follows here: 
 



• Louis Martino, Environmental Systems Engineer, Argonne. Mr. Martino is an 
SME in the investigation and remediation of sites associated with chemical 
warfare agents and military munitions. He functioned as the project manager, 
health and safety officer, and field team manager for the RI/FS and the 
collection of samples related to the ecological risk assessment for the White 
Phosphorus Pits at Aberdeen Proving Ground. Mr. Martino was the Argonne 
project manager for the Final Independent Design Review: Simplot Site 
Eastern Michaud Flats Superfund Site, Pocatello, Idaho (EPA-542-R-09-
006), of August 2009. Mr. Martino is an SME in performing feasibility studies 
and making cost estimates for implementing remediation technologies. He is 
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also an expert on key regulatory frameworks that would likely have an impact 
on the feasibility of ETTs and their ability to be implemented, including the 
Resource Conservation and Recovery Act (RCRA) Land Disposal Restrictions 
(LDRs). 



 
• James Jerden, PhD, Geochemist, Argonne. Dr. Jerden is an expert on the 



reactive transport of contaminants and environmental mineralogy. He has 
more than a decade of experience in characterizing and modeling the 
processes by which radionuclides and other metals are transported into the 
biosphere. His recent work has focused on the speciation and mineralogy of 
actinides and phosphorus in the environment. 



 
• Todd Kimmell, Senior Environmental Analyst, Argonne. Mr. Kimmell has 



participated in a number of National Research Council committees involved in 
chemical weapons demilitarization, including several that have dealt with 
determining appropriate actions for chemical weapons disposed of at various 
sites across the United States. He has also supported several cleanup projects 
under RCRA and CERCLA at military sites within the United States, and he 
has been involved at a national level with guidance and training programs 
involving the remediation of hazardous waste sites. Mr. Kimmell is an SME 
on key regulatory frameworks that are likely to have an impact on the 
feasibility and the ability to implement CERCLA removal and remedial 
actions. He is also an expert in areas of hazardous waste characterization 
under RCRA and RCRA LDRs. 



 
• John Quinn, PhD, PE, Principal Hydrogeologist, Argonne. Dr. Quinn has 



expertise in hydrogeology, data visualization, and remediation technology and 
had prior experience working on the Final Independent Design Review: 
Simplot Site Eastern Michaud Flats Superfund Site, Pocatello, Idaho 
(EPA-542-R-09-006), of August 2009. Dr. Quinn also participated in the 
review of a remedial systems evaluation of the Homestake Mine in New 
Mexico and in a data gap analysis of Dover Gas Light Company’s Delaware 
site.  



 
Each member of the team has completed an Argonne-required form that identifies affiliations or 
activities that would constitute any conflicts of interest related to participating on the Review 
Team. No member of the team has worked for FMC or currently works for FMC. 
 
 
1.4 AGREED-UPON SCOPE OF WORK 
 
 The Review Team performed the following tasks to address the Work Order: 
 



• Reviewed existing site characterization information. The team reviewed 
existing information regarding site-specific conditions, such as site 
contamination profiles and the evolving Conceptual Site Model (CSM). No 
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additional sampling was commissioned or undertaken to support this review. 
The focus of the review was on those aspects of the CSM that relate 
specifically to P4, its chemical reactions, and its by-products in the soil at the 
FMC OU and on the aspects that could affect implementation of an ETT at the 
site. Impacted soil that could be encountered at the site includes silt, sand, 
gravel, cobbles, sandy silt, and gravelly silt. Other contaminants or media 
were evaluated as needed, since it is likely that the radiological and chemical 
constituents of concern that are present, their RCRA reactivity characteristics, 
and the myriad nonsoil media found throughout the site (e.g., plant 
infrastructure [concrete foundations, asphalt, underground piping, sumps, 
storm drains, sumps], slag, metal scrap, pollution control sludge) could have a 
profound impact on the efficacy of an ETT. This task included a site visit and 
walkover and a review of historical site information. 



 
• Reviewed technologies. This review identified technologies found in 



(1) existing literature; (2) applied research; and (3) bench-scale, pilot-scale, 
and/or operational situations that would be relevant to the conditions found at 
the FMC OU. The review also covered technologies evaluated previously at 
the FMC site. Opportunities for combining ETTs or using one or more ETTs 
in different locations at the FMC site were explored. 



 
• Evaluated applicability. The identified ETTs were evaluated for their 



applicability to the conditions found throughout the FMC OU. The site was 
divided into areas based on the Review Team’s understanding of how the 
P4 that was present related to the ETTs evaluated. 



 
• Proposed parameters. The Review Team proposed parameters to be used to 



evaluate the ETTs. The Review Team prepared draft and final versions of the 
parameters, hereinafter referred to as “ETT Review Parameters.” As a starting 
point, here is a list of those parameters: 



 
– Efficacy and feasibility (technical merits), 
– Advantages, 
– Disadvantages, 
– Limitations, 
– Time to implement, 
– Effectiveness of removing and/or treating P4, and 
– Health and safety. 



 
As specified in the July 1, 2014, Work Order from the EPA and the Tribes, the review did not 
include an evaluation of ETTs against the set of nine CERCLA criteria. However, in evaluating 
the “technical merits” called out above, Argonne considered specific criteria that could be 
considered similar to aspects of the nine CERCLA criteria. 
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1.5 STRUCTURE OF REPORT 
 
 As specified in the technical response from Argonne, the report is structured as follows: 
 



• Summary of the work to be performed; 
 



• Description of the ETTs, including the identification of other sites where 
ETTs have been used both domestically and internationally; 



 
• Description of the ETTs that warrant further consideration; 



 
• Summary on the use of ETTs at those sites and their applicability to the FMC 



OU; and 
 



• Identification of data gaps. For the ETTs examined, data gaps were identified 
for all applicable technologies needed to implement the ETTs at the site. In 
the case of ETTs that did not warrant a detailed examination because of the 
existence of data gaps, the Review Team identified further studies needed to 
fill those gaps.  
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2 BACKGROUND 
 
 
2.1 FMC SITE DESCRIPTION 
 
 Elemental phosphorus (P4) was produced at the FMC OU using phosphate-bearing shale 
ore originating from two different regional mine sites. Ore was shipped to the facility via rail, 
and it was either processed immediately or stockpiled. The ore was formed into briquettes, and 
the briquettes were calcined in rotary kilns.  By 1968, the briquettes were calcined using 
traveling grate calciners. The calcined briquettes were either stockpiled or immediately blended 
with coke and quartzite to create a feedstock for electric arc furnaces. The four electric arc 
furnaces produced gaseous P4, carbon monoxide (CO) gas, slag, and “ferrophos” (FeP). The P4 
gas was condensed into a liquid and then stored before being shipped off site as product. 
Electrostatic precipitators were located “downstream” of the phosphorus furnaces. Prior to 1955, 
precipitator solids were handled dry; after 1955, a slurry system was installed. 
 
 The manufacturing process, pollution control requirements, and product-handling 
practices resulted in the generation of high-volume and diverse waste streams that contained 
chemical and radiological constituents of concern, including P4 and other forms of phosphorus. 
For example, the water that was used to isolate the P4 product from contact with air (known as 
“phossy water”) was managed in a series of surface impoundments. Phossy water and the 
associated “phossy solids” were likely to contain P4. Process water used to make a slurry from 
precipitator dust generated during furnace operations was also likely to contain P4 and was 
managed in surface impoundments. The piping system (some of which was underground), which 
was used to route CO gas from furnaces to the kilns at first and to the calciners later, might also 
have contained P4. The slag created during furnace operations was also expected to contain P4. 
Surface impoundments (some of which were newly constructed to meet minimum technology 
requirements under RCRA) and on-site landfills were used to manage plant waste streams (that 
included, but were not limited to, phossy water, phossy solids, precipitator slurry, slag, and slag-
related soil and debris) and treatment residuals from kiln and calciner off-gas treatment. In some 
cases, the presence of P4 could only be inferred, because field sampling teams were either 
cautioned against or prohibited from exposing P4 containing subsurface materials to the air 
during the performance of the Supplemental RI (MWH 2009).  
 
 
2.2 SITE UNDERSTANDING/CONCEPTUAL SITE MODEL 
 



White phosphorus is acutely toxic and poisonous, with a fatal dose for humans around 
50 mg. White phosphorus will spontaneously ignite in air at temperatures greater than 30°C 
(86°F); therefore, in addition to keeping P4 under water whenever possible, another generally 
applicable safety precaution is to work with P4 only under cold conditions (Rivera et al. 1996). 
The physical and chemical properties of P4 that could affect the ETTs discussed below include 
its melting point of 44°C, its densities of 1.828 g/cm3 (solid) and 1.745 g/cm3 (liquid at 44.5°C), 
its vapor pressures of 3.4E-5 atm at 20oC and 1.0E-3 atm at 76.6°C, and its solubility of 
approximately 4 mg/L at 25°C in water (Rivera et al. 1996). 
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Oxidation of P4 results in a number of different gaseous phosphorus species, the most 
abundant of which is P2O5 (Rivera et al. 1996). When exposed to water or humid air, P2O5 is 
converted to phosphoric acid. This process can occur within human lungs after inhalation of 
P2O5, thus causing severe irritation. White phosphorus reacts to form phosphine gas (PH3) in 
moist, anoxic environments such as subsurface sediments and soils. The rate of this reaction 
increases dramatically with increasing pH (above 7) (Rivera et al. 1996). Phosphine gas is 
flammable and highly toxic with an auto-ignition temperature of 38°C and an LD50 (median 
dose) of 3 mg/kg. As with the oxidation/ignition hazard, the risk of PH3 production can be 
mitigated by working with P4 at low temperatures (at least below 30°C) (Rivera et al. 1996). 
 



In addition to the acute inhalation hazard and dermal hazards associated with skin 
contact, chronic poisoning due to long-term exposure to P4-related vapors and gases poses 
significant risks that need to be accounted for in assessing site worker safety. Chronic exposure 
to P4 vapors and associated gases can cause necrosis of the jaw bone (phossy-jaw) and damage 
to lungs, eyes, bones, and the gastrointestinal tract (Rivera et al. 1996). 
 



Soil co-located with other environmental media (surface water, sediment, and 
groundwater) or plant infrastructure that could have been affected by P4 is known or suspected 
to be present in the following remediation units (RUs) or areas of the FMC OU (Figure 2-1):  
 



• RU 1 – Furnace Building, secondary condenser, and loading dock; present 
possibly due to leaks and spills from production processes and waste 
management and/or injection of waste or excess P4;  



 
• RU 2 – Slag pit; present due to leaks and spills from production processes and 



waste management;  
 



• RU 13 – Pond 8S recovery process area and metal scrap preparation area; 
present due to management of waste materials in the adjacent old pond area;  



 
• RU 19c – Railcars (also known as “buried railcars” or “abandoned railcars”); 



present because they were filled with P4 sludge and then buried in the slag 
pile (RU 19);  



 
• RU 22b – Old pond area; present due to management and disposal of 



P4-containing soil and debris;  
 



• RU 22c – Railroad swale; present due to phossy water spills entering 
stormwater sewers and discharging to the stormwater retention pond; 



 
• Areas containing underground piping or sewer lines; present because they 



carried phossy water, precipitator slurry, or CO gas and could thus potentially 
contain residual P4 or because they might have leaked P4 (RUs 1, 2, 3, 8, 12, 
13, 22b, and 24); and 



 
• P4 in the capillary fringe above the groundwater in RUs 3 and 7. 
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FIGURE 2-1 RU Boundaries at the FMC Plant (Source: MWH 2010) 
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The P4 that is present in the soil at the site could be encountered at various 
concentrations, ranging from just above the analytical detection limit to its nearly pure state. 
Since P4 oxidizes almost instantaneously upon exposure to air (except at low temperatures), 
oxidation by-products, such as red phosphorus and, in some cases, phosphate minerals, are 
probably also present. Industrial processes (e.g., the pipelines used to convey CO gas from the 
electric arc furnaces to the calciner) could contain nearly pure P4, especially if the P4 in the 
pipelines has not been exposed to air. The buried railcars in RU 19c reportedly contain P4 sludge 
with concentrations ranging from 75% to 95%, as reported in Appendix B of the Supplemental 
FS, or with P4 sludge concentrations ranging from 10% to 25%, as reported in the main text of 
the Supplemental FS (MWH 2010). The correct P4 concentration is unknown to the Review 
Team. Various forms of P4 from the site’s product- and waste-handling practices has affected the 
native soil at the site, which is composed of silt, sandy silt, sand, gravel, gravelly silt, and 
cobbles. 
 
 Production processes and waste-handling practices have changed over time. Some of the 
surface impoundments used to handle the phossy water and the precipitator slurry were defined 
as hazardous waste management units under RCRA and were closed under EPA-approved 
RCRA closure plans. The rotary kilns were replaced with traveling grate calciners in 1968. 
Off-gas from the kilns and calciners was treated with wet scrubbers. Scrubber liquor blowdown 
was managed in both lined and unlined surface impoundments, some of which were 
deconstructed and placed in the RCRA units. In addition, slag handling practices have also 
changed over time. Table 2-1 summarizes the amounts of phosphorus that could potentially be 
present in the various RUs listed. The distribution of the P4 waste present at the site is roughly as 
follows: about 10,870 tons of P4 waste with P4 concentrations ranging from 0.25% to 20% are 
present in about 482,224 yd3 of fill. The more concentrated P4 waste present in the capillary 
fringe, the railcars, and underground piping contains about 7,500 tons of P4 waste with 
P4 concentrations greater than 20% present in 2,800,000 yd3 of fill. Figure 2-2 depicts the mass 
of P4 present in the historical ponds and railroad swale in relation to the mass of P4 present in 
the railcars, piping, and capillary fringe. 
 



The contaminant CSM is somewhat refined for some RUs and is almost hypothetical for 
other RUs. As discussed below, there are few or no sample results to characterize the presence of 
P4 in the deep subsurface (e.g., the capillary fringe and the vadose zone beneath the Furnace 
Building). However, process knowledge can be used to characterize the contents of the waste 
present in the historical ponds. In addition, borings have been collected adjacent to or within 
several of the historical ponds, resulting in additional information that contributes greatly to the 
contaminant CSM for the historical ponds. Investigators have even described soil borings 
collected from historical ponds within RU 22B as “pure precipitator dust” and “phossy solids” 
(EPA 2003). 
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TABLE 2-1 Location, Mass, Likely Concentration, Aerial Extent, Relative 
Depth (to Native Soil or P4), and Fill Volume of P4-Containing Areas 



Location 



Maximum 
P4 Mass 



(tons) 



Likely P4 
Concentration 



(wt%) 
Area 



(acres) 



 
Depth to 
Native 



Soil or to 
P4 (ft) 



Total Fill 
Volume 
(yd3)a 



      
Capillary fringe, RU 1, 
RU 2, RA-B 



5,470 50 7.8 90 to P4 2,500,000 



      
Pond 7S, RU 22b, RA-C 4,420 20 3.6 20 116,160 
      
Pond 6S, RU 22b, RA-C 3,000 10 2.3 20 74,213 
      
Railcars, RU 19c, RA-F  2,000 25b 2.7 120 to P4b 300,000 
      
Pond 3S, RU 22b, RA-C 1,070 10 1.2 20 38,720 
      
Pond 5S, RU 22b, RA-C 1,000 10 1 20 32,267 
      
Pond 4S, RU 22b, RA-C 790 10 0.8 20 25,813 
      
Pond 10S, RU 22b, 
RA-C 



390 10 1 20 32,267 



      
Pond 2S, RU 22b, RA-C 100 10 0.8 20 25,813 
      
Pond 8S Material, 
RU 13, RA-C 



60 0.25 3.6 23 66,630 



      
Pond 1S, RU 22b, RA-C 30 1 0.5 20 16,133 
      
Railroad swale, RU 22b, 
RA-C 



10 1 2.4 14 54,208 



      
Piping in RUs 1, 2, 3, 8, 
12, 13, 22b, 24 



3-30 Up to 100 –c,d 10 –d 



 
a Rough estimate based on simple geometric calculation: area × depth to native soil. 
 
b Since Table 2-1 was published (in MWH 2010), FMC has removed 20 to 40 ft of slag 



from the top of the slag pile to other areas at the site.  
 
c In contrast to this concentration, Appendix B of the Supplemental FS reports a percent 



concentration ranging from 75% to 95%. 
 
d A dash indicates not applicable (i.e., there is no area or fill associated with piping). 
 
Source: Table 2-1 in the Supplemental FS (MWH 2010). 
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FIGURE 2-2 Estimated Mass and Concentrations of P4 Present at the 
FMC OU 



 
 
 Section 4.2 of the Supplemental RI (FMC 2009) describes the P4 operations in RU 1 and 
RU 2 and the locations of P4 sumps and tanks. The CSM for the Furnace Building vicinity 
assumes that warm, liquid P4 migrated downward from the sumps and tanks (Figures 2-3 and 
2-4). Figures in various FMC documents show a circular area in RU 1 and RU 2 labeled the 
44°C isotherm. A temperature of 44°C is the melting point of P4. It is not clear from the 
available information whether the mapped isotherm is current or historical, surficial or to depth, 
or measured or theoretical. The CSM description states that the P4 migrated through the 
approximately 80- to 85-ft vadose zone as a liquid to the capillary fringe and moved along the 
capillary fringe in the direction of groundwater flow (to the northeast). 
 
 A different aspect of the CSM for the deep Furnace Building P4 is the possibility of an 
injection well(s) used to dispose of impure or excess pure P4. On the basis of discussions at the 
September 21, 2015, meeting at the Fort Hall Tribal Business Council, the injection well was 
said to be at the west end of the Furnace Building and was used to dispose of P4 waste near the 
water table. The piping was warmed by circulating hot water through a double casing to prevent 
clogging. Some of the P4 was pure but was excess once the railcars were full. This practice 
continued until the early 1990s when the well was hidden by a slab of concrete. An online 
database of wells was searched for a possible injection well(s) at the west end of the Furnace 
Building (Idaho Department of Water Resources 2015); however, the data in this source are only 
as recent as 1992, so the existence of an older injection well could not be confirmed.  
 
  



10,870.00 



7,500.00 



Estimated mass of P4 (18,370 tons)



Historical ponds and RR Swale,P4 concentration 0.25 to 20%



Railcars, piping and capillary fringe, P4  concentration > 20%
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 It is possible that P4 beneath the Furnace Building is present due to both the use of an 
injection well and the infiltration of P4 leaked from sumps and tanks. The former would explain 
the deep P4 observed in several boreholes (described below); the latter would explain any P4 in 
the thick unsaturated zone and also possibly the deep P4.  



Only sparse site characterization data are available to indicate where the P4 is and is not. 
Its distribution vertically and laterally is not well defined. The soil borings that were completed 
for the Supplemental RI were done to define the future cap boundary for RU 1 (Figure 2-3), and 
the drilling and sampling plan seemed to address areas far from where P4 would be expected. 
Three borings encountered P4 northeast (hydraulically downgradient) of the RU 1 and RU 2 area 
and were quickly abandoned once the P4 was detected. On the basis of this precedence, it is 
difficult to propose field activities (using conventional investigation techniques and routine 
health and safety protocols) that would require any drilling or sampling of subsurface materials 
that could potentially contain P4. There are obvious worker safety issues connected with 
collecting split spoon samples or having auger cuttings that reach the surface.  
 
 



 



FIGURE 2-3 Characterization Data for P4 near the Furnace Building (Source: FMC 2009, 
Figure 4-1) 
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 Of the soil borings drilled in RU 1 and RU 2 (Figures 2-3 and 2-4), Borings 004, 004a, 
and 005 encountered P4, each at about 80 ft deep. This location is just above the saturated zone 
according to equipotential contour maps. According to the drilling logs, the conditions at various 
depths in the thick unsaturated zone above the P4 ranged from dry to slightly moist to moist. The 
unsaturated zone at the three holes was logged as being of various textures of silt/sand/gravel, 
consistent with alluvial deposition. Split spoon samples collected at 10-ft intervals suggest silt 
with fine sand, fine-to-coarse sand with gravel, and fine-to-coarse sandy fine and coarse gravel, 
respectively, in the final sample collected at each borehole. 
 
 The CSM for the Furnace Building vicinity therefore includes P4 in two subsurface zones 
(Figure 2-4):  
 



1. In the unsaturated zone (ignore the perfectly shaped impact zones in the 
figure), which is completely uncharacterized; and 



 
2. In the capillary fringe, which is characterized only by three soil borings and is 



completely unbounded. 
 
 



 



FIGURE 2-4 Plan View and Simplified Representation of P4 in the Subsurface 
(Source: FMC 2009, Figure 4-2) 
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 The characterization of the P4 in the Furnace Building vicinity was minimal. 
Conceptually, the Supplemental RI (FMC 2009) depicts molten P4 in Furnace Building tanks and 
sumps as traveling vertically downward approximately 80 ft to the water table. There the P4 
traveled in the capillary fringe zone, presumably in the northeasterly direction of the hydraulic 
gradient of the groundwater. 
 
 The melting point of P4 is 44°C. Since molten slag was periodically tapped from the 
electric arc furnaces and drained to a slag pit, any P4 that escaped from the Furnace Building was 
probably warmer than the melting point of P4 (FMC 2009). To add to the CSM, any liquid P4 in 
the thick unsaturated zone would have traveled downward through the alluvial sediments, 
consuming residual oxygen (if any) in the void spaces through exothermic reaction. It would 
have cooled along its vertical pathway, losing heat to the sediments, but it would have still been 
a liquid above 44°C when it reached the capillary fringe. There it would have flowed 
northeastward based on the groundwater’s hydraulic gradient. In the capillary fringe zone, the 
P4 would have lost heat more rapidly to both the sediments and especially to the groundwater, 
generating steam if the temperature was above 100°C. Alternatively, the P4 could have been 
released near the water table by a heated injection well system. It is possible that both transport 
mechanisms could have been in effect. In either case, the P4 may have built up as a mass or 
“blob” of an unknown thickness as it flowed and cooled to a waxy solid, filling the void spaces 
in the sediments. The extent of the blob is estimated only by evidence of smoking augers from 
three soil borings (Figure 2-4). The distribution of the P4 in the 80-ft-thick unsaturated zone is 
largely uncharacterized and unknown. The 44°C isotherm was modeled by investigators 
(FMC 2009). The depiction of P4 subsurface presence and migration in Figure 2-4 is based on 
that model. The absence of good information about the presence of P4 in the subsurface makes 
evaluating bench-scale, pilot-scale, and certainly full-scale in situ ETTs difficult. Bench- and 
pilot-scale testing for in situ ETTs is essential, as discussed in Section 5.1. As important as such 
testing is for the evaluation of ETTs, bench- and pilot-scale testing is also needed to better 
understand how P4 has behaved in the subsurface. As discussed in Section 6.2, some 
understanding of the specific retention of P4 in the subsurface is needed before pilot- or bench-
scale ETT studies can be planned. 
 
 
2.3 REGULATORY BACKGROUND FOR THE EVALUATION OF ETTS 
 
 The former FMC plant is regulated under both RCRA, as amended, and CERCLA, as 
amended.1 P4 waste is present at the former FMC plant in waste disposal units that are being 
managed under RCRA post-closure plans. P4 waste is also present in portions of the plant that 
were not regulated under RCRA (hereinafter called non-RCRA areas) that are regulated under 
CERCLA, as amended. This independent review did not focus on the closed disposal sites that 



                                                 
1 RCRA regulation of process wastes from the beneficiation of minerals and ores is affected by the Bevill 



amendments and exemptions. The Bevill exemption for waste generated during the production of P4, except 
furnace off-gas solids, ended on March 3, 1990. The exemption for furnace off-gas solids ended on July 23, 1990. 
Upon the lifting of the Bevill exemption, beneficiation wastes that were hazardous waste were subject to RCRA 
regulation. Exempt wastes disposed of prior to the lifting of the Bevill exemption would not be subject to RCRA 
(provided they are not subsequently managed in a way that triggers RCRA) but can be and are being addressed 
under CERCLA. See http://www3.epa.gov/epawaste/nonhaz/industrial/special/ for details. 











 



16 



are regulated under RCRA post-closure plans. In some cases, the closed RCRA units are on top 
of or adjacent to the non-RCRA areas (Figure 2-5). The Review Team did not evaluate whether 
or not the proximity of the non-RCRA areas to the closed disposal sites regulated under RCRA 
would affect the ability to implement the ex situ ETTs discussed in this independent review. 
 
 
2.4 INTERIM RECORD OF DECISION AMENDMENT AND CLEANUP PLAN 
 
 In September 2012, EPA Region 10 released the Interim Record of Decision Amendment 
(IRODA) for the EMF Superfund Site FMC OU (EPA Region 10 2012a). The IRODA represents 
the current plan for remediation of the FMC OU. This plan focuses on elemental phosphorus, 
metals, and radiation in soils, fill, and groundwater. The IRODA is summarized here because 
some of the proposed remedial actions, including the groundwater pump and treat (P&T) system, 
informed the way the Review Team performed the evaluation of ETTs. The IRODA calls for 
placing an engineered cap over contaminated soils to protect human health and the environment. 
The cap is designed to prevent rain and melting snow from filtering through the contaminated 
areas and polluting the groundwater below. The plan also requires treatment to clean the 
groundwater before it reaches local springs or the Portneuf River. The EPA indicates that the 
remediation plan was developed after careful consideration of extensive comments that it 
received during the public comment period on the September 2011 Proposed IRODA Plan 
(EPA Region 10 2011). 
 
 The 2012 IRODA (EPA Region 10 2012a) includes the following remedial actions: 
 



• Installing a protective cap to provide a barrier to underlying contamination 
and to prevent water from moving through the contamination and polluting 
the groundwater; 



 
• Adding about 12 in. of soil over some areas to prevent exposure to radiation 



from polluted areas; 
 



• Cleaning elemental phosphorus from underground concrete pipes; 
 



• Installing a groundwater extraction and treatment system to keep pollution 
from local springs and the Portneuf River; 



 
• Installing barriers, such as additional fencing, after the caps are constructed to 



further limit site access; 
 



• Placing restrictions on future site use and prohibiting some activities, such as 
digging in capped areas and using contaminated groundwater; and 



 
• Developing and implementing a long-term monitoring and maintenance 



program for the groundwater treatment system, caps, and other barriers. 
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FIGURE 2-5 RCRA and CERCLA Disposal Sites (Source: FMC 2009, Figure 5) 











 



18 



 Additional alternatives previously screened and considered by EPA may be reviewed by 
examining the IRODA (EPA Region 10 2012a). 
 
 The EPA indicated in its fact sheet released in October 2010 (EPA Region 10 2012b) 
that:  
 



This cleanup plan, details work for the former FMC plant that was not included in 
the original 1998 Record of Decision. Once the groundwater treatment system is 
in operation, predictions on how long it will take to meet our goals and whether 
changes are required to ensure cleanup goals are met can be more accurately 
determined. In addition, EPA has not yet determined if the recently adopted 
Shoshone-Bannock Tribal Soil Cleanup Standards apply to the cleanup. For these 
reasons, this plan is considered “interim” and a “final” cleanup plan will be 
developed in the future. 



 
 As of the date of writing of this report, Argonne believes that the EPA has not yet 
determined how to address the Shoshone-Bannock Tribal Soil Cleanup Standards. These cleanup 
standards are further addressed in Section 2.5 of this report. 
 
 Background information and the Superfund process flowchart for the FMC property, 
taken from the 2012 EPA fact sheet, are shown in Figure 2-6 (EPA Region 10 2012b). 
 
 
2.5 APPLICABLE REGULATORY CRITERIA AND CLEANUP LEVELS  
 
 
2.5.1 Principal Threat Waste at the FMC OU 
 
 On the basis of the assumption that soil and debris that contain P4 at the FMC OU could 
be subject to some form of active remediation (as opposed to cap and cover), several different 
types of cleanup criteria would be applicable. First, note that according to the IRODA, the EPA 
considers P4 to be the principal threat waste at the FMC OU (EPA Region 10 2012a): 
 



EPA has identified elemental phosphorus existing in concentrations exceeding 
1,000 parts per million (ppm) in soil as a source material and principal threat 
waste at the FMC OU, because it will present a significant risk to human health 
and the environment should exposure occur. The National Contingency Plan 
(NCP) establishes an expectation that EPA will use treatment to address the 
principal threats posed by contaminants at a site wherever practicable 
(NCP Section 300.430(a)(1)(iii)(A)). 



 
Principal threat wastes are those source materials considered to be highly toxic or 
highly mobile that generally cannot be reliably contained or would present a 
significant risk to human health or the environment should exposure occur. EPA’s 
decision to treat these wastes is made on a site specific basis through a detailed 
analysis of the alternatives using the nine remedy selection criteria. 











 



19 



 



FIGURE 2-6 Project Background and Superfund Process Flow Chart 
(Source: EPA Region 10 2012b) 
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Elemental phosphorus is a RCRA ignitable and reactive waste and is also a 
principal threat waste that has physical properties unlike most contaminants of 
concern (COC) encountered in environmental response actions. Because of its 
unique properties, managing elemental phosphorus requires special handling 
techniques not only for routine handling but also for emergency response. 



 
It is clear from this statement that P4 — and presumably soil and debris containing P4 — are 
considered to be a RCRA ignitable and reactive waste, meaning that soil and debris containing 
significant amounts of P4, once exhumed, would exhibit the RCRA characteristics of ignitability 
and reactivity, and possibly also the RCRA toxicity characteristic. These RCRA hazardous waste 
characteristics are described next. 
 
 
2.5.2 RCRA Hazardous Waste Characteristics 
 
 Several of the RCRA hazardous waste characteristics are regulatory criteria that would be 
applicable to any form of active remediation being done by using an ETT at the FMC OU. These 
include the RCRA characteristics of ignitability, reactivity, and toxicity. 
 
 



2.5.2.1 Ignitability Characteristic (40 CFR 261.21) 
 
 With regard to the RCRA characteristic of ignitability, ignitable waste is defined as 
follows (the following list is directly quoted from regulation): 
 



“1. It is a liquid other than an aqueous solution containing less than 24 percent alcohol by 
volume and has flash point less than 60°C (140°F), as determined by a Pensky-
Martens Closed Cup Tester, using the test method specified in ASTM Standard 
D 93-79 or D 93-80 (incorporated by reference, see § 260.11), or a Setaflash Closed 
Cup Tester, using the test method specified in ASTM Standard D 3278-78 
(incorporated by reference, see § 260.11). 



 
2. It is not a liquid and is capable, under standard temperature and pressure, of causing 



fire through friction, absorption of moisture, or spontaneous chemical changes; and, 
when ignited, burns so vigorously and persistently that it creates a hazard. 



 
3. It is an ignitable compressed gas. 



 
4. It is an oxidizer. An oxidizer for the purpose of this subchapter is a substance such as 



a chlorate, permanganate, inorganic peroxide, or a nitrate, that yields oxygen readily 
to stimulate the combustion of organic matter (see Note 4).” 



 
 Because P4 is not a liquid at standard temperature and pressure, it would not meet the 
first criterion listed above. However, it would be considered ignitable under the second criterion. 
Not all soil and debris containing P4 would meet the RCRA ignitability characteristic, however, 
because there would be a concentration of P4 in the soil and debris below which the soil and 
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debris would not necessarily be ignitable. Argonne interprets the 2012 IRODA statement that 
“EPA has identified elemental phosphorus existing in concentrations exceeding 1,000 parts per 
million (ppm) in soil as a source material and principal threat waste” as the concentration cutoff 
for what would be a RCRA ignitability characteristic hazardous waste. In other words, soil and 
debris containing P4 at a concentration equal to or above 1,000 ppm/kg (i.e., 1,000 mg/kg) would 
be considered ignitable. It then follows that soil and debris treated either to remove P4 to below 
this level or to alter the form of P4 so that it would no longer be ignitable would also render the 
soil/debris nonignitable. 
 
 



2.5.2.2 Reactivity Characteristic (40 CFR 261.23) 
 
 Similarly, exhumed soil and debris containing P4 above a certain level or activity at the 
FMC site would also meet the RCRA characteristic of reactivity. According to the RCRA 
reactivity characteristic, soil or debris would be reactive if one or all of the following were true 
(the following list is directly quoted from regulation): 
 



“…1. It is normally unstable and readily undergoes violent change without 
detonating. 



 
2. It reacts violently with water. 



 
3. It forms potentially explosive mixtures with water. 



 
4. When mixed with water, it generates toxic gases, vapors, or fumes in a 



quantity sufficient to present a danger to human health or the environment. 
 



5. It is a cyanide- or sulfide-bearing waste, which, when exposed to pH 
conditions between 2 and 12.5, can generate toxic gases, vapors or fumes in a 
quantity sufficient to present a danger to human health or the environment. 



 
6. It is capable of detonation or explosive reaction if it is subjected to a strong 



initiating source or if heated under confinement. 
 



7. It is readily capable of detonation or explosive decomposition or reaction at 
standard temperature and pressure. 



 
8. It is a forbidden explosive as defined in 49 CFR 173.54, or is a Division 1.1, 



1.2, or 1.3 explosive as defined in 49 CFR 173.50 and 173.53.  
 
(b) A solid waste that exhibits the characteristic of reactivity has the EPA 



Hazardous Waste Number of D003.”  
 
 The propensity of P4 to spontaneously smoke and ignite, as well as evolve phosphine and 
other toxic gases, would cause soil and debris containing P4 to meet the RCRA reactivity 
characteristic. As is the case for the RCRA ignitability characteristic, there is a level or 
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concentration of P4 in soil and debris that would be low enough so that soil and debris would not 
smoke or ignite or so that amounts of phosphine or other toxic gases would not evolve to a 
significant degree. Soil and debris containing P4 below this level would be considered 
nonreactive under the RCRA definition. As is the case for the RCRA ignitability characteristic, 
Argonne interprets the 2012 IRODA statement that “EPA has identified elemental phosphorus 
existing in concentrations exceeding 1,000 parts per million (ppm) in soil as a source material 
and principal threat waste” as the concentration cutoff for what would be a RCRA reactive 
characteristic hazardous waste. In other words, soil and debris containing P4 at a concentration 
equal to or above 1,000 ppm (i.e., 1,000 mg/kg) would be considered reactive. It then follows 
that soil and debris treated either to remove P4 to below this level or to alter the form of P4 so 
that it is no longer reactive would also render the soil/debris nonreactive. 
 
 Argonne therefore presumes that soil or debris exhumed from the FMC OU that contains 
P4 in concentrations equal to or greater than 1,000 mg/kg would meet the RCRA characteristics 
of ignitability and reactivity. 
 



Argonne notes that EPA has not established a minimum P4 level in wastes to define 
whether or not such wastes would meet the RCRA ignitability or reactivity characteristic criteria. 
Argonne’s connection of the IRODA’s definition of a CERCLA Principal Threat Waste (a P4 
concentration exceeding 1,000 mg/kg) is made in an attempt to establish a concentration for 
P4 in waste that would define that waste as RCRA ignitable and RCRA reactive. This is 
necessary because, if the P4 contaminated soil and debris at the FMC OU is to be actively 
remediated, a de facto definition of what would be considered the cutoff for ignitability and 
reactivity specifically addressing P4 content is needed. In addition, the RCRA LDRs for these 
characteristics, which specify a “deactivation” treatment requirement, would need to be satisfied, 
unless, as indicated above, EPA elects to waive these requirements through one of the statutory 
applicable or relevant and appropriate requirement (ARAR) waiver approaches. 
 



The RCRA consent decree required FMC to treat the P4-contaminated wastes by 
“permanently and irreversibly bonding the waste into the molecular structure of a solid product 
such that the treated waste will not undergo changes that cause it to release toxic gases in 
concentrations greater than 0.3 ppm phosphine or 10.0 ppm hydrogen cyanide, or leach heavy 
metals in concentrations greater than applicable LDR Universal Treatment Standards.” These 
treatment requirements, as laid out in the RCRA consent decree, are insufficient as a definitive 
cutoff for P4 content and the RCRA characteristics of ignitability and reactivity. Simply defining 
phosphine and hydrogen cyanide emissions is inadequate as a measure of reactivity. These 
emissions are a function of many different variables, including temperature, atmospheric 
pressure, and soil moisture content, just to name a few; more important, however, these 
properties do not address ignitability. A more definitive definition is needed, preferably one that 
is quantitative as well as readily straightforward to implement (i.e., a simple analytical method). 
A simple concentration cutoff of P4 within wastes that may be exhumed is most desirable. 
Should the FMC OU be actively remediated at some point in the future, Argonne’s connection of 
the IRODA’s definition of a CERCLA Principal Threat Waste (a P4 concentration exceeding 
1,000 mg/kg) to the RCRA ignitability and reactivity characteristics may be considered an 
interim starting point in the eventual establishment of a cutoff for P4 content for RCRA 
ignitability and reactivity (EPA 1999). 
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2.5.2.3 Toxicity Characteristic (40 CFR 261.24) 
 
 Since soil and debris at the FMC OU are also known to contain heavy metals, the soil and 
debris that are exhumed from the OU may also meet the RCRA toxicity characteristic. For this 
characteristic, a leaching test known as the toxicity characteristic leaching procedure (TCLP) is 
used to determine whether heavy metals and some toxic organic compounds could leach from a 
waste at levels above the specified concentrations. It is possible that some of the soil and debris 
at the FMC OU could exhibit the RCRA toxicity characteristic. 
 
 
2.5.3 LDR Treatment Standards (40 CFR Part 268) 
 
 RCRA LDRs for waste, soil, and debris (hereinafter “P4 waste”) meeting the ignitability 
or reactivity characteristics require that the treatment standard called “deactivation” be applied so 
that the P4 waste is rendered no longer ignitable or reactive. The premise behind the LDR 
treatment requirements for these RCRA characteristics is that P4 waste would still pose a hazard 
if it had one or more characteristics and was disposed of on land, even if the P4 waste was placed 
in a properly designed, operated, and permitted hazardous waste landfill. Hence, under the LDR 
program, P4 waste that meets a RCRA characteristic would not be permitted to be land-disposed. 
Treatment would be required to “decharacterize” the P4 waste. For P4 waste exhumed from the 
FMC OU, Argonne presumes that treatment would need to meet the 1,000-mg/kg requirement to 
achieve deactivation for the characteristics of ignitability and reactivity. 
 
 The P4 waste soil and debris maintained below the ground surface that contained 
P4 above levels that would classify them as RCRA ignitable or reactive (if exhumed) would 
retain their reactive or ignitable characteristic. The P4 waste that stayed buried and was not 
exposed to air or oxidizing conditions in general would retain its ignitable and reactive 
properties. 
 
 In addition to removing the hazardous properties of wastes that cause them to meet a 
RCRA characteristic, the LDRs for characteristic wastes also require treatment to meet universal 
treatment standards for “underlying constituents.” Underlying constituents in this case would 
include heavy metals. The P4 waste throughout the FMC site would likely require additional 
treatment to meet the LDR underlying constituents requirement for some of these heavy metals, 
even if it did not exhibit the RCRA toxicity characteristic. 
 
 Hence, P4 waste at FMC treated to remove the characteristics of ignitability and 
reactivity would require further treatment to satisfy the LDR requirements for underlying 
constituents. Before the LDR treatment plant constructed at the FMC site closed in 2001, it 
included a stabilization treatment process (encapsulation in a cement mixture) that was used after 
the removal of P4 in order to satisfy the LDR requirement for underlying constituents for heavy 
metals. This technology, or a similar technology, could be applied as part of the remediation, if 
needed, to address heavy metals and radionuclides (although radionuclides are not regulated 
under RCRA). However, regulations under RCRA’s hazardous waste site cleanup program allow 
alternatives to be used for further treatment, as discussed next. 
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2.5.4 RCRA Corrective Action (Cleanup) Requirements and CERCLA Cleanup 
 
 Under RCRA corrective action requirements for cleanup of hazardous waste sites 
(40 CFR 264, Subpart F), facilities have the option, with regulatory approval, to consolidate 
wastes on site in a corrective action management unit (CAMU). Disposal of contaminated media 
in the on-site CAMU may be done under a reduced set of requirements (for example, without 
meeting LDRs) if such disposal can be shown to be protective of human health and the 
environment. Most CAMUs are, in essence, landfills and may require liners, caps, and 
groundwater monitoring, but the option of not needing to meet LDRs for underlying constituents 
(assuming the remedy could be shown to be protective of human health and the environment) is 
potentially applicable to the FMC OU if it were to employ a CAMU. Although the EPA may be 
reluctant to waive the requirement to decharacterize soil and debris exhumed from the site for 
ignitability or reactivity, it may be amenable to allowing soil and debris to be managed in a 
CAMU, but, again, only if it could be shown that doing so would remain protective of human 
health and the environment. 
 
 The FMC site is regulated under both RCRA and CERCLA. The CERCLA FMC OU 
does not include the portion of the site regulated by RCRA post-closure plans, the so-called 
“RCRA ponds.” However, the CAMU option may be brought in to the CERCLA action through 
ARARs. Management of remediation wastes at a CERCLA site may be conducted in a CERCLA 
land disposal unit that is “CAMU-like.” In other words, soil and debris that do not meet some or 
all LDR requirements for underlying constituents would be able to be managed in a CERCLA 
land disposal unit as part of an overall remedy, as long as it met CERCLA requirements and was 
approved by the regulator. 
 
 
2.5.5 Soil Remediation Levels 
 
 The LDR deactivation requirements for the RCRA characteristics of ignitability and 
reactivity, and potentially for underlying hazardous constituents, are not the only treatment 
standards that may be applicable to soil and debris at the FMC OU. Another type of criterion that 
may be applicable to the FMC site is soil remediation level. EPA Region 10 published a set of 
soil remediation levels in the IRODA (EPA Region 10 2012a; see Table 9 on page 242). The 
levels are provided in Table 2-2. Footnote (c) to the table indicates that there are currently no soil 
remediation levels for phosphorus or elemental phosphorus in soils. 
 
 The EPA has established extensive cleanup programs under RCRA and CERCLA, and 
cleanup levels for contaminants in various environmental media have been established, in some 
cases by EPA Headquarters and some EPA regions. These types of levels have been known by 
many names and acronyms over the years. EPA Regions 3 and 9 have established regional 
screening levels that can serve as the basis for the development of cleanup levels. These levels 
are identified as regional screening levels (RSLs). These are human health-based target levels for 
hazardous waste site cleanups, and they have the potential to be applied at both RCRA and 
CERCLA sites within the regions. These “targets” may then be adjusted either up or down to 
address site-specific conditions including environmental sensitivity (e.g., endangered species). 
Also, these target cleanup levels are typically available for both residential areas and for 
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TABLE 2-2 Contaminants of Concern in Soil and 
Cleanup Levels for Risk Drivers for the FMC OU 



 
Contaminants of Concern Units 



Cleanup Levels 
Industriala,b 



   
Antimony mg/kg 150 
Arsenic mg/kg  
Beryllium mg/kg  
Boron mg/kg  
Cadmium mg/kg 39 
Fluoride mg/kg 49,000 
Gross alpha pCi/gd  
Gross beta pCi/gd  
Lead-210 pCi/g  
Manganese mg/kg  
Mercury mg/kg  
Nickel mg/kg  
Phosphorus (elemental)c mg/kg – 
Polonium-210 pCi/g  
Potassium-40 pCi/g  
Radium-226 pCi/gd 3.8 
Radon pCi/gd,e  
Selenium mg/kg  
Silver mg/kg  
Thallium mg/kg  
Thorium-230 pCi/g  
Uranium-238 mg/kg  
Vanadium mg/kg  
Zinc mg/kg  
 
a Cleanup levels are provided for COCs associated with worker 



risk at the former operations area or Northern Properties. 
 
b The cleanup level cited is the lower cleanup between the 



outdoor/commercial/industrial worker and construction 
worker preliminary remediation goal (PRG) from the 
Supplemental FS Work Plan. 



 
c There are currently no soil remediation levels for phosphorus 



or elemental phosphorus in soils. 
 
d Individual radionuclides potentially responsible for elevated 



gross alpha and beta levels are also COCs. 
 
e Retained as a COC mainly for evaluation of potential radon 



infiltration into buildings under alternate future commercial or 
industrial uses of the site. 



 
Source: Table 9 in the IRODA (EPA Region 10 2012a). 



  











 



26 



industrial areas, with those for residential areas being more stringent (i.e., having lower target 
concentrations). Although these standards were developed by only some EPA regions, other EPA 
regions regularly refer to them during cleanups. 
 
 As indicated on its website, EPA Region 9 established an RSL for P4; it is 1.6 mg/kg for 
residential areas and 23 mg/kg for industrial areas (EPA Region 9 2015). 
 
 As can be seen, the human health-based RSLs for P4 are probably lower than the levels 
below which the waste would be considered to meet a RCRA ignitability or reactivity 
characteristic. Therefore, the FMC OU site, once cleaned up, would likely be considered for a 
future industrial site rather than a future residential area. Hence, and assuming that active 
remediation of the FMC OU site would be considered further, the 23-mg/kg cleanup requirement 
for P4 could be considered the starting point for developing a soil remediation goal for P4 at the 
site. 
 
 It should be noted, however, that EPA Headquarters and the EPA regions (collectively) 
as well as individual EPA regions often have different policies and procedures. Hence, EPA 
Region 3 and 9 RSLs may not be accepted by other EPA regions, including Region 10 in which 
the FMC site is located. Nevertheless, the RSL for P4 would be a “To Be Considered” but not an 
ARAR under CERCLA since RSLs are not standards, requirements, criteria, or limitations under 
federal or state environmental law. 
 
 



2.5.5.1 Shoshone-Bannock Tribes Soil Remediation Levels 
 
 In addition to these types of levels established by the EPA, other governmental 
organizations may have also established cleanup levels for hazardous waste sites. As indicated in 
the IRODA (EPA Region 10 2012a), “EPA is initiating remedial actions under an Interim ROD 
Amendment because of uncertainties regarding the timeframe for groundwater cleanup and the 
uncertain status of December 2010 Soil Cleanup Standards by the Shoshone-Bannock Tribes as 
Applicable or Relevant and Appropriate Requirements (ARAR) under CERCLA.” The Tribes’ 
Soil Cleanup Standards (SCSs) may be examined at http://www.sbtribes-ewmp.com/ 
EWMP_Soil_Cleanup_Standards_Contaminated_Prop.html (Shoshone-Bannock Tribes 2010). 
 
 The IRODA (EPA Region 10 2012a) further states: 
 



Hence, in December 2010, the Tribes promulgated stringent SCS that require, 
among other things, excavation and/or treatment of all buried elemental 
phosphorus on the Fort Hall Reservation. Among the Tribes’ stated goals in 
promulgating the SCS is restoring all land within the Reservation to its original 
state prior to the contamination that the standards are designed to address. This 
selected interim amended remedy does not meet these standards. However, 
because of the interim nature of this action, ARARs do not have to be met at this 
time. EPA is evaluating the Tribes’ standards to determine whether these 
regulations may be ARARs. This evaluation will require careful federal review to 
determine whether these unique and potentially precedential SCS should be fully 
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evaluated prior to a decision as to whether all or a part of the SCS are ARARs. 
CERCLA requires that ARARs must be met or waived upon completion of 
remedial action. At the time that EPA selects a final remedy, EPA will more 
definitively address groundwater restoration within a reasonable restoration 
timeframe, will determine whether all or a part of the Tribal SCS are ARARs, and 
will if necessary determine the applicability of the ARAR waiver provisions in 
§121(d)(4) of CERCLA. EPA will consult with the Tribes on the selection of the 
final remedy, including consideration of any proposed waiver or waivers. 



 
 It is clear that in some cases the Shoshone-Bannock Tribes’ cleanup standard for P4 in 
soil would entail complete removal, which typically is interpreted to entail removal to the extent 
that no contaminant that is detectable when using validated and approved analytical techniques. 
However, the SCS specifically provides in §1.1 that “The Tribes recognize, however, that there 
are situations where use of Commercial/Industrial Cleanup Standards rather than Unrestricted 
Use standards may be appropriate, or where attainment of the Cleanup Standards may be 
technically impracticable.” The Tribes also specify, however, that “The SCS do require soils that 
exhibit the characteristics of ignitability or reactivity to be treated to eliminate those 
characteristics, or else the soils must be removed from the site (Part 4).” Hence, it appears that 
the Tribes’ SCS would permit application of a cleanup standard other than complete removal of 
P4, as long as the remaining media would no longer exhibit the RCRA characteristics of 
ignitability and reactivity. This would entail developing a set of criteria that would establish a 
de facto definition of RCRA ignitability and reactivity, specifically due to P4 content, as well as 
an alternate numerical cleanup standard for media that contains P4 below RCRA ignitability and 
reactivity characteristic levels. 
 
 
2.5.6 Occupational Safety and Health Administration Requirements (29 CFR Part 1910) 
 
 Compliance with Occupational Safety and Health Act (OSHA) requirements is an 
important part of any hazardous waste site cleanup. Concerns for worker exposure during active 
remediation efforts in Remedial Action (RA) units where hazards are understood (e.g., RA units 
such as the historical ponds where process knowledge can be used to establish site worker risks) 
would be no greater than those for exposure during the original industrial processes for 
producing, packaging, and transporting P4, and for managing soil and debris created as a result. 
For those RA units where process knowledge is absent and where the CSM is not refined, there 
would be greater site worker risks. Nevertheless, appropriate engineering controls and PPE can 
be used to control worker exposure during remediation activities, in compliance with worker 
protection regulations under OSHA. Where site worker risks are not well understood (e.g., if 
subsurface samples potentially containing P4 are collected during any future CSM refinement 
activities), unknown hazards would need to be addressed accordingly with conservatively safe 
PPE, monitoring, and sampling approaches to comply with OSHA.  
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2.5.7 Other Criteria or Standards of Note 
 
 The extensive literature review conducted by Argonne for this project is described in 
Chapter 3.7 of this report. The literature review revealed that other criteria have been applied for 
other P4 cleanup projects in the United States. Two of these are summarized below. 
 



• Miamisburg, Ohio. In 1986 in Miamisburg, a tanker car containing 40,000 L 
of liquid P4 (45°C) derailed and burst into flames next to a stream feeding the 
Great Miami River, which leads to the Ohio River (Scoville et al. 1989). Most 
of the contaminated stream sediment was removed and treated by exposing 
the sediment on open-air asphalt pads. The sediment was treated for 12 to 
24 hours — the amount of time required to reduce the P4 to less than 
10 mg/kg. At concentrations of less than 10 mg/kg, the material was not 
deemed to be ignitable (Walsh 2009). 



 
• Stauffer Chemical Site, Florida. The ROD for a CERCLA site outside Tarpon 



Springs, Florida, where P4 was produced from 1947 to 1981, indicates that 
site remediation took place to remove P4 contamination. Because the site was 
located near residential areas, a residential cleanup level (1.4 mg/kg) was 
applied. The removal operation was conducted under a tent, and the material 
that was removed was disposed of at a Monsanto site (EPA Region 4 2013). 



 
 
2.5.8 Applicable Regulatory Criteria and Cleanup Level Summary 
 
 In this document, Argonne has assumed that a treatment of soil and debris that would 
result in P4 levels below 1,000 ppm (mg/kg) would render the soil and debris nonignitable and 
nonreactive according to the RCRA definitions of ignitability and reactivity. However, an ETT 
might instead have to achieve a P4 cleanup level in soil as low as the EPA RSL of 23 mg/kg or 
as low as a cleanup level established by the Tribes. 
 
 The end state of the application of a suite of ETTs for active remediation of the FMC OU 
would be that all contaminated media no longer exhibit the RCRA characteristics of ignitability 
and reactivity, that P4 is removed to acceptable cleanup levels, and that RCRA LDRs are 
satisfied for heavy metals and other constituents, as appropriate. There are two possible 
exceptions to this suggested end state. First, and as allowed by CERCLA, EPA could, with 
adequate justification, choose to waive certain requirements through one of the statutory ARAR 
waiver approaches (http://www2.epa.gov/superfund/applicable-or-relevant-and-appropriate-
requirements-arars). This may be especially applicable to RCRA LDRs. Second, and as stated 
previously, the CSM would have to be improved to permit adequate understanding of heavy 
deposits of P4, such as that underlying the Furnace Building and that contained within the buried 
railcars. 
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3 TECHNICAL APPROACH 
 
 
3.1 OVERVIEW 
 
 The technical approach of the Review Team consisted of gathering information, 
conducting an analysis, and then assessing ETTs against agreed-upon review and evaluation 
parameters. Information gathering included a review of the literature, a site tour, a presentation 
by the Tribes, a response to Argonne-authored questions by both FMC and the Tribes, and 
telephone communications with state and federal regulators and the designers of ETTs. The 
Review Team then developed a list of ETTs with the potential to address waste containing P4 at 
the FMC OU site. The team narrowed that list down to a number of ETTs for detailed 
consideration. Finally, the team assessed the ETTs on that target list against the review and 
evaluation parameters. 
 
 
3.2 INFORMATION REVIEW AND ANALYSIS AND SITE TOUR, SEPTEMBER 2014 
 
 As a starting point, the Review Team examined the open literature and the information 
sources cited in the Work Order (Appendix A). Argonne staff were taken on a site tour of the 
FMC OU in September 2014. While in Pocatello, Idaho, for the site tour, the Argonne staff 
visited the Idaho State University Library’s Government Documents Repository located at 
850 South 9th Avenue in Pocatello. Sources of information were also gathered throughout the 
term of the project. Literature examined and cited is summarized in Section 3.7. 
 
 
3.3 SHOSHONE-BANNOCK TRIBES’ PRESENTATION, FEBRUARY 6, 2015 
 
 In addition to gathering information during the site visit, the Argonne staff members were 
given a presentation by the Tribes via teleconference on February 6, 2015. The content of the 
presentation, which is included in this report as Appendix C, is summarized here. The 
presentation described issues at the FMC site, covering a historical perspective, impacts on the 
environment, and an assessment of the technologies used to contain, treat, and monitor P4. 
ETT-related points highlighted at the time of the presentation included (1) the inadequacy of 
closing and capping the RCRA pond, as evidenced by the release of phosphine, hydrogen 
cyanide, and H2S that escaped from temperature monitoring points; (2) the inability to measure 
the release of P4-related gases that do occur; and (3) the lack of testing for ETTs due to reasons 
related to risk and economics. 
 
 
3.4 QUESTIONS DIRECTED TO SUBJECT MATTER EXPERTS AND STATE 



AND FEDERAL REGULATORS 
 
 Argonne directed a number of questions to FMC during the review process. The 
questions are included as Appendix D of this report. Appendix E has the FMC-generated 
responses to the questions. Appendix F contains the Tribes’ responses to the questions and their 
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comments on the FMC-generated responses. In addition, Argonne contacted and interviewed 
environmental regulators from the State of Idaho, from EPA Region 10, and from states where 
other P4 remediation operations had occurred or were ongoing. Several experts who had 
experience in P4 production, transportation, sale, reuse, and remediation were contacted by 
e-mail and, with their permission, interviewed. The experts who were interviewed will remain 
anonymous. Although Argonne gained a lot of information from these interviews, only 
information that could be corroborated from actual documentation was used in preparing this 
report. 
 
 
3.5 EXPANDED LITERATURE SEARCH  
 
 Argonne received approval to begin this project in April 2014. Although specific 
elements of the project, such as the evaluation parameters to be used for the ETTs, were still 
being negotiated among Argonne, the EPA, and the Tribes at that time, Argonne began a 
literature search that focused on the FMC site. Included in this search were the following: 
 



• The history of the FMC site, from startup in the 1940s to closure in 2001, 
including technologies employed during the P4 production process; 



 
• The history of the FMC site as it relates to the Superfund program, from 



listing in 1990 to the present time; 
 



• Regulatory actions that had occurred at the FMC site; 
 



• Environmental investigations that had been conducted at the FMC site;  
 



• Superfund decision documents (e.g., RODs) issued for the FMC site; 
 



• Similar documentation related to the neighboring J.R. Simplot site adjacent to 
the FMC site; 



 
• The general environment around the FMC site, including everything from 



climate to geology; 
 



• The structure of the Tribal, local, and State governments in and around the 
FMC site; 



 
• The natural history pertaining to the area in and around the FMC site; 



 
• The cultural history pertaining to the FMC site, especially as it relates to the 



Shoshone-Bannock Tribes; and 
 



• The history of public involvement in environmental matters pertaining to the 
FMC site. 
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 Argonne then expanded its review by focusing on technologies that might be employed to 
remediate P4 at the site, including planned technologies (i.e., cap and cover) and other 
technologies that could be employed, including more active technologies involving actual 
removal and treatment of the soil and debris containing P4. Argonne researched information 
about sites within the United States where P4 was known to be present and had been evaluated or 
remediated, including the following: 
 



• Monsanto Chemical Company (Solutia), Soda Springs, Idaho; 
 



• Rhodia, Inc., Silver Bow, Montana; 
 



• Stauffer Chemical Company, Tarpon Springs, Florida; 
 



• Exxon Mobil ElectroPhos Division, Mulberry, Florida; 
 



• Agrifos Nichols Plant, Nichols, Florida; 
 



• Stauffer Chemical Company (Rhone-Poulenc), Mt. Pleasant, Tennessee; 
 



• Monsanto Chemical Company, Columbia, Tennessee; and  
 



• Occidental Petroleum, Glenn Springs, Ducktown, Tennessee. 
 
 Argonne researched P4 handling sites within the United States where P4 was currently 
being evaluated or where remediation was ongoing. These included the Rhodia Silverbow RCRA 
Site in Montana. Argonne also identified U.S. sites where there had been emergency response 
incidents and where P4 might have been released and remediated, including the 
1986 Miamisburg, Ohio, train derailment and white phosphorous release. 
 
 Argonne also attempted to research the body of international literature for places where 
P4 might have been remediated in the past or where remediation was ongoing. Some information 
was available about the A&W America Limited phosphorus plant in Long Harbor, 
Newfoundland, Canada. Argonne also learned that at least one French contractor, Chiresa, had 
experience in dismantling tanks containing P4 (Chiresa AG 2008). There was also some 
information about several locations in Mexico where P4 was recovered or remediated, but there 
was no documentation in the open literature regarding any actions that were taken or results that 
were achieved. In general, however, information about P4 handling at international sites seems to 
be lacking in the open literature. 
 
 Argonne expanded its search further to determine ancillary information related to 
P4 remediation. The topics included the following: 
 



• What the potential is for the recovery of P4 for reuse or resale as a product (as 
opposed to remediation); 
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• How military organizations have approached the deactivation or recovery of 
P4 (white phosphorus, WP, Willie Peter) from obsolete munitions; and 



 
• How other industries deal with phosphorus or by-products that involve P4. 



 
 Argonne then researched other technologies that might have some application to the 
remediation or recovery of P4 at the FMC site. This effort covered not only remediation 
technologies but also technologies used in the chemical industry in general. 
 
 Overall, Argonne accessed hundreds of websites and reviewed many more than 
100 different publications that could have a bearing on the task. For a list of references cited in 
this report, please see Chapter 9. 
 
 
3.6 DRAFT, DRAFT FINAL, AND FINAL REVIEW AND EVALUATION 



PARAMETERS 
 
 Working with the EPA and the Tribes, Argonne proposed draft and draft final versions of 
the ETT review parameters from September 2014 to February 2015. The final version of the 
ETT review parameters and a description of each one were agreed upon on February 23, 2015 
(Table 3-1). 
 
 
3.7 PRESENTATION OF FINDINGS FROM THE DRAFT REPORT 
 



The Review Team submitted a draft version of the report to the Tribes and the EPA on 
September 8, 2015. The Review Team presented the results of key findings from the Draft report 
to the Fort Hall Business Council, in the Fort Hall Council Chambers on September 21, 2015. 
All members of the Review Team (listed in Chapter 1) participated in the presentation. The 
presentation was followed by a morning and afternoon question-and-answer session. A follow-up 
webinar presentation was also provided to representatives of EPA who could not attend the 
meeting in Fort Hall. The webinar meeting occurred on September 28, 2015. This meeting was 
attended by all members of the Review Team, representatives of the Tribes, and EPA staff 
members.  



 
 
3.8 RESPONSE TO COMMENTS AND THE FINAL REPORT 
 



On the basis of information presented at the Fort Hall Business Council meeting, the 
follow-up webinar meeting, and the content of the Draft report, the Tribes and EPA produced a 
series of comments. The Review Team responded to the comments by including a discussion 
and/or the actual language used to address the comments. The Tribes’ comments and Review 
Team responses can be found in Appendix G. The EPA comments and Review Team responses 
can be found in Appendix H. Also included is a summary of changes required during final 
review by Argonne’s editorial staff and Argonne’s technical content review staff (Appendix I). 
This Final version of the Independent Review report includes changes in the Draft version  
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TABLE 3-1 Description of ETT Review Parametersa 



 
ETT Review Parameter Description of Parameter 



 
Process maturity 



 
An assessment of the developmental phase of the ETT demonstrated at 
laboratory/pilot scale and ETT technologies that have been permitted 
or otherwise approved and used for P4. 



Limitations Factors that could constrain or preclude the implementation of the 
ETT, including, but not limited to, soil type, pH, moisture, cost, 
weather conditions, and the need for bench- and pilot-scale testing. 
Also any issues associated with off-site transportation and disposal of 
P4 material. 



Time to implement (not including 
permitting and approvals) 



Time to excavate and/or treat P4 in soil. 



Effectiveness of removing and/or treating 
P4 in soil 



The effectiveness in the short and long term of an ETT in removing the 
health hazards associated with P4 in soil; achieving soil screening 
levels for P4; or rendering P4 safe for the transportation of impacted 
soil to an off-site location for treatment and/or disposal. 



Process safety for site workers during 
implementation 



Health and safety impacts on site workers associated with the ETT 
during implementation. 



Community health and safety during 
implementation 



Health and safety impacts on the surrounding community associated 
with the ETT during implementation.  



Impacts to the environment during 
implementation 



Impacts to environmental media at the site, including soil, air, surface 
water, and groundwater associated with the ETT during 
implementation.  



Post-implementation impacts on the 
environment and the community 



Impacts to the community and to the environment associated with the 
ETT after implementation for example, in the case of on-site ETT, 
releases to air, surface water, and groundwater associated with 
treatment operations. In the case of a technology located off-site, 
nuisance and safety hazards associated with off-site shipment of waste. 



Overall discussion of advantages and 
disadvantages 



A summary in tabular format. 



 
a The Work Order directed the Review Team to not include CERCLA’s nine evaluation criteria, one of which is 



cost, as evaluation parameters. However, EPA and the Tribes agreed that cost could be included in the content of 
the review and evaluation parameter referred to as “Limitations.” 



 
 
needed to address the Tribes’ and EPA’s comments and to address editorial and technical issues 
noted in the Draft version. 



Cost as a limitation factor has been included to allow a rough order of magnitude (OOM) 
comparison with the ETTs evaluated. The net present value (NPV) cost of Alternatives 5 through 
7 in the September 2010 Proposed Plan (which included excavation and treatment) is an 
estimated $405 million to $950 million, based upon high and low volume estimate assumptions 
about the (largely uncharacterized) mass of subsurface P4 (EPA 2010). Since some ETTs also 
involve excavation followed by treatment, the NPV determined for Alternatives 5 through 7 
provides a comparable OOM estimate. 
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4 GUIDING PRINCIPLES FOR THE INDEPENDENT REVIEW AND THE 
IDENTIFICATION OF POTENTIALLY APPLICABLE ETTS 



 
 
 After examining the issues at the FMC OU and the regulatory history at the site over the 
years, removal or remedial actions that were taken at similar sites in the past, and potential ETTs 
that might be applied, Argonne identified a number of principles that influenced the way the 
independent review was performed. They are as follows: 
 



• It appears that technologies to safely excavate, size, create waste feed 
materials, and temporarily store P4 waste in preparation for treatment in a 
“downstream” ETT exist (hereinafter, these are called “ancillary 
technologies”). 



 
• Site worker safety issues associated with the implementation of any ex situ 



ETTs appear to be comparable to the site worker safety issues associated with 
the original manufacturing process for producing, packaging, and transporting 
P4 and managing P4 waste. Appropriate engineering controls and PPE can be 
used to control worker exposure during remediation activity in compliance 
with worker protection regulations under OSHA. 



 
• Any water requirements for ETTs (including water needs for ETT 



implementation and the potential for accentuating contaminant migration) can 
be addressed by modifications to the groundwater P&T system required in the 
IROD.2 



 
 Potential ETTs that could be implemented at the FMC OU were researched extensively. 
The research focused on P4 ETTs but also considered how to deal with heavy metals and 
radionuclides that might be present in significant amounts at various locations within the FMC 
OU. In addition, the Review Team examined ETTs that were in all stages of development and 
use, including ETTs in a conceptual, bench-, pilot-, or full-scale of development/use. The 
Review Team, recognizing that P4 and P4 by-products (post-treatment) have value, also 
examined recovery technologies. Landfill options were examined only insofar as they could be 
used to address residuals that remained after P4 was removed from soil and debris and/or treated 
to reduce its concentration to acceptable levels. 
 



While the FMC OU is a CERCLA cleanup site, the waste that may be produced as a 
result of active remediation at the site is subject to RCRA regulatory requirements. Wastes 
exhumed from the site become immediately subject to RCRA’s waste management 
requirements, as do facilities that may be used to treat or otherwise manage these wastes, and 
also residuals remaining if and when these wastes are treated in some fashion. As RCRA 
requirements are considered during the CERCLA ARAR process, it is imperative that RCRA 



                                                 
2 Water use would mainly be required to manage the risks associated with excavation (whether by mechanical or by 



hydraulic means). As a result, the removal of P4 waste and processing by ancillary technologies could proceed in 
phases dictated by water requirements (should water requirements be a limiting factor). 
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requirements are adequately addressed in determining management requirements for wastes that 
are exhumed from the site and also for waste treatment residuals. In addition, and as allowed by 
CERCLA, EPA could, with adequate justification, choose to waive certain requirements through 
one of the statutory ARAR waiver approaches (see http://www2.epa.gov/superfund/applicable-
or-relevant-and-appropriate-requirements-arars). Most notable of the RCRA requirements 
applicable to wastes that may be exhumed from the site and for treatment residuals are the 
RCRA LDR requirements, which are discussed frequently in this report. In accordance with 
these requirements, wastes determined to be hazardous must be treated in accordance with strict 
requirements before they can be land-disposed. RCRA LDRs and requirements for treatment, 
storage, and disposal facilities may be pertinent to some of the ETTs discussed in this report, in 
particular, those designed to remove the RCRA characteristics of ignitability and reactivity from 
the waste (i.e., address the P4) and also to address heavy metals that may be contained in 
remediation waste or in treatment residuals. 



 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered a reasonable potential for successfully and safely addressing the P4 waste. 
Only those technologies that made this cut are examined in detail in this report. The technologies 
were categorized into groups depending on their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 



• Ex situ treatment technologies, including both on and off site; and 
 



• Ex situ (off-site) disposal technologies. 
 
In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and the railcars warranted special consideration. Technologies addressing 
these special cases are also included. 
 



In reference to a key issue — whether P4 can be safety excavated — the Review Team 
arrived at different conclusions than other parties. On the basis of a review of information, it 
appears that a subset of the P4 waste present at the site can be safely excavated. There appears to 
be a history of sludge removal from the ponds at the FMC plant. The FMC response included in 
Appendix E of the Independent Design Review report includes several references to excavation. 
Appendix E describes both dredging and mechanical excavation activities involving Ponds 8s, 
8e, and 9e, as well as Ponds 15s and 18. Furthermore, the LDR WTS was designed to treat 
sludge dredged from Pond 8S. Pond 8s dredge was designed as a component of the LDR WTS. 
In an EPA-authored reference, reclamation processes consisting of excavating pond materials is 
described as having occurred at historical ponds 1s, 2s, 3s, 9s, 2e, and 4e (EPA 2003).  
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The excavation of P4 is also addressed at other P4 plants. The Clarifier Treatability Study 
Phase 3 Report on the Rhodia/Solvay Site, Silver Bow, Montana (which was not available when 
the IRODA was prepared) contains a description of the removal of clarifier sludge from the 
clarifier by use of a Cat 320 excavator (Franklin Engineering Group 2012). Also of interest is a 
description of mechanical excavation in the Phase 1 report on the same Rhodia/Solvay Clarifier. 
“Conventional earth working equipment, such as tracked excavators, back hoes, and clam shells, 
can be used to excavate the solidified sludge and transfer it to a shipping container or processing 
system. With careful operation, the phosphorus can be transferred with a water cover in the 
bucket to minimize mass burning” (Franklin Engineering Group 2007). 
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5 POTENTIALLY APPLICABLE EXCAVATION  
AND TREATMENT TECHNOLOGIES 



 
 
 In situ ETTs are discussed in Section 5.1. Ex situ ETTs are discussed in Sections 5.2 and 
5.3. It appears that P4 is present in a pure or nearly pure state in some portions of the former 
FMC plant. The “treatment” aspect of some ETTs includes both the treatment of P4 waste and 
the process steps for the recovery of P4 or P4 by-products for resale/reuse. Conceptually, soil 
and debris targeted for ETTs can be “triaged,” in that there could be three fractions to be 
addressed: 
 



1. P4 waste that can be “mined” and recycled and/or reused as P4 without treatment; 
 



2. P4 waste that requires treatment with an ETT, resulting in either the generation of a 
reusable by-product like P4 or phosphoric acid or a waste residual; and 



 
3. P4 waste that does not require treatment with an ETT. P4 waste that would not 



require treatment is waste that meets agreed-upon treatment requirements established 
for the second fraction. Some waste present at the site would presumably already 
meet such treatment requirements. 



 
The ETTs considered for evaluation are listed as follows: 



 
• In situ technologies 



 Injection of steam in direct push or vibrated caissons/wells or parallel 
horizontal wells; melting and pumping of P4 



 Solvent leach and recovery by using benign solvents 
 In situ oxidation of P4 via oxidant leaching or forced air oxidation 
 Containment of P4 by using grout, injection curtain, waterloo barrier, 



sheet piling, etc. 
 



• Ex situ excavation technologies 
 Mechanical excavation 
 Cutter-suction dredging with needed sizing preparation, pipelines, and 



water source 
 Thermal-hydraulic dredging with needed sizing preparation, pipelines, and 



water source 
 



• Ex situ treatment technologies 
 On-site incineration 
 Drying/mechanical mixing with containment 
 A&W mud still batch process 
 Anoxic caustic hydrolysis, metals precipitation, filtration, and stabilization 



(LDR treatment plant) 
 Wet air oxidation (pilot tested by Zimpro®) 



  











 



40 



 Solvent stirred batch reactor 
 Off-site incineration with associated railroad tank car loader/unloader 



 
• Disposal technologies (considered for P4 waste that has already been treated) 



 On-site disposal in a CAMU or similar CERCLA unit 
 Off-site disposal 



 
• Piping and railcars  



– Buried piping by using both in situ and ex situ approaches 
 Buried railcars by using both in situ and ex situ approaches 



 
 
5.1 IN SITU TECHNOLOGIES (SUBSURFACE TREATMENT) 
 
 
5.1.1 Thermal Treatment and Recovery 
 
 



5.1.1.1 Description 
 
 The melting point of P4 is 44°C (111°F). On the basis of the CSM for the Furnace 
Building (see Section 2.4), the hot, liquid P4 percolated through the thick unsaturated zone 
reached the water table at a depth of about 80 ft and flowed to the northeast. Presumably, it 
cooled as it flowed as a result of heat transfer to both the unsaturated formation and the 
underlying groundwater. The result was a mass of waxy, solid P4 that filled the voids in the 
sediments at depth. The volume, thickness, and areal extent of this material are unknown. 
Presumably, a residual amount of solid P4 also remains in the unsaturated zone; this volume is 
completely uncharacterized. 
 
 Heating the subsurface P4 to a temperature above 44°C would cause it to flow and allow 
at least some of it to be recovered by using pumping wells. Inorganic hazardous constituents 
present would be brought to the surface along with the P4 mobilized by the heating method. 
Different options are available for heating the formation. 
 
 Thermal conduction that involves electrical heaters suspended in vertical holes is a 
technology that is used to remediate sites contaminated with volatile organic compounds 
(VOCs). In this situation, heating to a temperature of 100°C drives off the VOCs effectively. For 
example, in the largest in situ thermal desorption project undertaken to date (Heron et al. 2015), 
a 3.2-acre site was remediated by using more than 900 thermal conduction heater wells targeting 
multiple depths. Such heater borings and their casings can be installed by vibratory push or by 
augering. The treatment just mentioned lasted 238 days and required a total of 23 million kWh. 
Electrical heaters, along with recovery wells, have also been used in pilot studies of in situ 
retorting of oil shale. Electrical heaters are probably used only in vertical holes and not in 
directional drilling applications. 
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 Electrical resistance heating has been used at VOC sites to bring the formation to 
steaming temperatures (>100°C) and drastically reduce VOC concentrations quickly (e.g., Tersus 
Environmental, LLC 2015). This approach relies on drilling or push methods to install electrodes 
in the subsurface. Electrical current flows among the electrodes in the target volume, which heats 
up. Recovery wells or a vacuum system at the surface are used to collect the VOCs. Formation 
temperatures above 44°C would melt P4. 
 
 Steam methods can also be used in remedial efforts or energy production. Steam can be 
used to target dense, nonaqueous-phase liquids in conjunction with the use of vapor recovery 
wells. In one example, 63 vertical or angled steam injection wells were used in a 3-acre target 
zone (Kramer et al. 2015). Steam has been used for many decades in enhanced oil recovery 
applications. The steam is used to heat the formation so that the hydrocarbons are more free-
flowing and can be extracted more completely by pumping wells. It is possible to perform 
directional drilling in order to have wells be horizontal at a target depth. A series of parallel, 
horizontal steam injection wells through or just below the deep P4 at the Furnace Building could 
heat the P4 to temperatures above 44°C. Each horizontal steam well could be underlain by a 
horizontal recovery well, or a network of vertical wells could be installed over the treatment 
area, in order to recover some portion of the P4. However, the pumped water and molten 
P4 might not remain above 44°C during its transport to the surface, which would result in 
deposition of the P4 in the subsurface well casings. 
 
 Direction drilling is accomplished by using mud rotary drilling techniques. Formation 
material, including P4, would be circulated to the surface. The wet drilling mud would help 
prevent exposure of the drilling fluids to air, and the mud pit could be maintained with a 
covering of water, but there would be a degree of risk involved with managing the drilling fluid. 
 
 Recovery wells in any thermal application would need pumps that could handle a mixture 
of water and molten P4 (viscosity of 1.69 cP, specific gravity of 1.8) to be lifted almost 90 ft. 
The pumped P4 would need to remain above 44°C during its upward travel; presumably, it 
would remain warm due to the heat in the formation. Upon reaching the surface, the combined 
water and molten P4 would need to flow (remaining above 44°C) to a submerged discharge point 
in a water-containing water tank, trough, or impoundment. Here the P4 would settle, cool, and 
solidify below the water. 
 
 The heating methods just described, if initially applied to the unsaturated zone at the 
Furnace Building, would likely promote downward migration of the P4 to the cooled mass at a 
depth of about 80 ft. However, as discussed next, there is no current understanding of how much 
residual P4 remains in the thick unsaturated zone, and there is not yet any laboratory study to 
assess whether applying heat to a formation sample containing P4 would promote effective 
downward draining of the P4. 
 
 



5.1.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 An important problem associated with any thermal application is that heating the deep 
P4 would allow it to flow. Without lateral containment, the mass of P4 would resume flowing 
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with the hydraulic gradient. In addition, the injection of steam at or beneath the mass could result 
in a mounding of the equipotential surface, causing the P4 to flow radially in all directions. As 
discussed elsewhere, if the thick unsaturated zone could be removed (depending on the presence 
of residual P4, which has not been characterized) through a major earth-moving project in the 
Furnace Building vicinity, then containment could be implemented over a much smaller vertical 
work area. 
 
 It would be wise to invest in a pilot-scale laboratory study to determine whether 
P4 within alluvial sediments would drain through the sediments efficiently or if a significant 
proportion would be retained. 
 
 The consideration of a thermal method should be based on the understanding that, despite 
any efforts to extract the subsurface P4, much of the contaminant mass would remain in the 
subsurface. Inorganic hazardous constituents present in the P4 that could not be mobilized by the 
heating method would remain in the subsurface. This would occur even if the value of the 
recovered P4 was high enough to invest in a thorough amount of heating and a large number of 
recovery points. The amount remaining would be difficult to characterize safely because in past 
site characterizations, a precedent to avoid drilling into the P4 was set.  
 
 



5.1.1.3 Assessment Based on ETT Review Parameters 
 



The evaluation results are shown in Table 5-1. 
 
 



5.1.1.4 Overall Likelihood of Success at FMC 
 
 Thermal treatment and recovery approaches at FMC would require a large investment for 
installing necessary equipment and creating a containment boundary, with or without large-scale 
overburden removal. The worker safety issues would be significant. In the end, much of the 
P4 would remain in place, although the amount would not be easy or safe to characterize, given 
the precedent set by past site characterization. 
 
 
5.1.2 Solvent Leaching and Recovery Using Benign Solvents 
 
 



5.1.2.1 Description 
 
 Conceptually, it is possible to leach a target material type from a formation by using a 
solvent and to extract the desired material by using pumping wells. Elemental phosphorus is 
soluble only sparingly in water. Hazardous inorganic constituents present in P4 would be soluble 
in water but only sparingly soluble in the organic solvents mentioned below. It is only slightly 
soluble in alcohol (C2H6O), ether, and benzene (C6H6). It is very soluble in carbon disulfide 
(CS2), phosphorus chloride (PCl3), phosphorus oxychloride (POCl3), liquid sulfur dioxide (SO2),  
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TABLE 5-1 Assessment of Thermal Treatment and Recovery Based on ETT Review Parameters



 
Review Parameter Thermal Treatment and Recovery 



 
Process maturity 



 
Mature for the remediation of some waste. The potential application of 
the technology for the treatment of P4 waste is conceptual only. 



Limitations Incomplete recovery. P4 mass is likely to spread unless containment is 
also applied. May or may not address residual P4 currently in the thick 
unsaturated zone. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 5 years for installation, with or without large-scale 
earth-moving to remove much of overburden. Estimated time is 
10 years for operations. 



Effectiveness of removing and/or treating 
P4 in soil 



Approach would collect some portion of the large subsurface mass for 
reuse; however, an unquantified but probably a large portion of the 
mass would remain. 



Process safety for site workers during 
implementation 



Methods that rely on augering or mud rotary drilling (i.e., directional 
drilling) would bring P4 to the surface, resulting in a significant health 
and safety issue. It is expected that if direct push methods were used, 
there would be only a minimal amount of P4 on withdrawn drill rod or 
casing, since they would be rubbed clean on clean, shallow soils. With 
regard to extracted P4, significant safety and management issues 
would need to be addressed. 



Community health and safety during 
implementation 



Management of any auger cuttings or mud pit drilling fluids would be 
a source of P4 and associated chemicals. 



Impacts to the environment during 
implementation 



There would be general impacts due to heavy equipment. The ultimate 
disposal of any drilling mud after processing for P4 would need to be 
addressed. 



Post-implementation impacts on the 
environment and the community 



These would not be significant. 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface P4-bearing 
zones could be remediated without the need for a large, open-pit-type 
excavation operation. Another advantage is that some portion of the 
deep P4 would be removed for reuse or sale.  
 
The disadvantages are: 



• incomplete recovery (i.e., much of the P4 would remain 
despite the effort and cost invested),  



• numerous safety concerns,  
• high cost of power for electrical methods,  
• mobilization of flowing P4 unless lateral containment is used,  
• high cost of containment,  
• high cost for possible removal of the overburden, and 
• the purity of the P4 that would be recovered is unknown. 
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and liquid ammonia (NH3) (Rivera et al. 1996). Each of these chemicals, however, would 
significantly degrade groundwater quality; their use would probably not be permitted by 
regulators. 
 



P4 is also soluble in turpentine or mineral oil (Merck Index 1952). Both of these have the 
additional benefit of wetting any particulates of P4 brought to the surface and thereby reducing 
their exposure to oxygen. They are also less dense than water, so they would remain on top of the 
water table, ideally within a containment cell around the remediation area. However, they are 
unlikely to be permitted for use because of the long-lasting impact they would have on 
groundwater in a large volume of the aquifer. 
 



Another alternative is the use of food oils. P4 is soluble in almond oil and olive oil. Its 
solubility in other, less expensive oils has likely not been evaluated (Merck Index 
2001).Table 5-2 lists the approximate prices for a range of food oils in 2015. Release of food oil 
in the subsurface would not result in the significant degradation of water quality that would be 
caused by the other types of solvents described above. Food oil would float on the water table, so 
it could remain within a containment cell as it is recirculated during the solvent leaching process. 
It would also coat any P4 particulates brought to the surface, limiting their contact with air. 
 
 Using solvents without having bounding containment could result in excessive losses of 
those solvents in lateral directions. This is a critical consideration with regard to any expensive, 
benign solvent. (See containment discussion in Section 5.1.4 regarding the potential use of a 
technology such as freeze walls, sealed sheet piling, a slurry wall, or a grout curtain.) It may be 
possible to excavate much of the overburden in the Furnace Building vicinity (depending on the 
presence of residual P4 in the thick unsaturated zone) to reduce the effort that would be needed 
to install a containment system. 
 
 



TABLE 5-2 Approximate Prices 
for Food Oils in 2015  



Oil 



 
Approximate Price 
(U.S. $/metric ton) 



   
Coconut 1,000 
Olive 5,000 
Palm kernel 1,000 
Palm 600 
Peanut 1,400 
Rapeseed 700 
Soybean 700 
Sunflower 900 
 
Source: IndexMundi (2015). 
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5.1.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Note that solvent extraction was ruled out as a viable technology for the Rhodia 
(Silver Bow) white phosphorus site (Barr 2014). 
 



The benign solvents mentioned above would have significant costs, since numerous tank 
cars would be required for a project having the estimated magnitude of the deep P4 project at the 
Furnace Building. The installation of a containment cell could reduce solvent losses but would 
be very expensive at the scale and depth required in the vicinity of the Furnace Building. 
 
 Laboratory studies of the solubility of P4 in food oils or other benign solvents would be 
necessary before making any further investment to study the solvent leaching approach. 
 



The consideration of a solvent extraction method should be based on the understanding 
that, despite any efforts to extract the subsurface P4, much of the contaminant mass would 
remain in the subsurface because the circulation of solvents within the target zone would be 
incomplete due to incomplete dissolution of the P4 and especially due to textural heterogeneities 
in the subsurface geologic materials. These heterogeneities would result in the solvent being 
circulated more in coarser-grained zones and less in finer-grained zones. This would occur even 
if the value of the recovered P4 was high enough to invest in the approach and include a high 
number of recovery points. The amount remaining would be difficult to characterize safely 
because in past site characterizations, a precedent was set to avoid drilling into the P4. 
 
 



5.1.2.3 Assessment Based on Review Parameters 
 



The evaluation results are shown in Table 5-3. 
 
 



5.1.2.4 Overall Likelihood of Success at FMC 
 
 Solvent extraction methods at FMC would require a large investment to purchase 
sufficient quantities of an appropriate benign solvent, the installation of necessary equipment, 
and the creation of a containment boundary with or without large-scale overburden removal. The 
worker safety issues would be significant. In the end, much of the P4 would remain in place, 
although the amount would not be easy or safe to characterize, given the precedent set during 
past site characterization. 
 
 
5.1.3 In situ Oxidation of P4 
 
 



5.1.3.1 Description 
 
 A possible in situ remediation concept relevant to the FMC site is the in-place oxidation 
of white phosphorus and the recovery of the reaction products via a system of 
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injection/extraction wells. The development of such a method could be achieved by adapting the 
proven methods and technologies used in the in situ oxidative leach mining of uranium and 
copper (e.g., IAEA 2001). This approach would involve delivering a heated oxidant-bearing 
solvent (e.g., oxygenated groundwater) to the P4-contaminated zone at a controlled rate and 
recovering the reaction products via a set of injection and extraction wells. The oxidant solution 
would be heated to greater than 45°C to cause the P4 grains or masses to melt; this would 
facilitate water flow and mixing and avoid the formation of phosphorus oxide rinds that are 
known to inhibit oxidation. 
 
 
TABLE 5-3 Assessment of Solvent Leaching and Recovery Using Benign Solvent Based on 
ETT Review Parameters 



 
Review Parameter Solvent Leaching and Recovery Using Benign Solvents 



 
Process maturity 



 
Mature for broadly defined solvent leaching. Immature for use of 
food oils. Application of the technology to address P4 waste is 
conceptual only. 



Limitations Incomplete recovery. P4 mass is likely to spread unless 
containment is also applied. Residual P4 currently in the thick 
unsaturated zone may or may not be addressed. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 5 years for installation, with or without large-
scale earth-moving to remove much of the overburden. Estimated 
time is 10 years for operations. 



Effectiveness of removing and/or 
treating P4 in soil 



Approach would collect some portion of the large subsurface mass 
for reuse; however, an unquantified but probably a large portion of 
the mass would remain. 



Process safety for site workers during 
implementation 



Well installation that relies on augering or mud rotary drilling 
would bring P4 to the surface, resulting in a significant health and 
safety issue. It is expected that if direct push methods were used, 
there would be only a minimal amount of P4 on withdrawn drill 
rod or casing, since they would be rubbed clean on clean, shallow 
soils. With regard to the P4 dissolved in the benign solvent, 
significant safety and management issues would need to be 
addressed. 



Community health and safety during 
implementation 



Management of any auger cuttings or mud pit drilling fluids would 
be a source of P4 and associated chemicals. 



Impacts to the environment during 
implementation 



There would be general impacts due to heavy equipment. The 
ultimate disposal of any drilling mud after processing for P4 and 
the ultimate disposal of benign solvent would need to be addressed. 
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TABLE 5-3 (Cont.) 



 
Review Parameter Solvent Leaching and Recovery Using Benign Solvents 



 
Post-implementation impacts on the 
environment and the community 



 
Not applicable. 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface 
P4-bearing zones could be remediated without the need for a large, 
open-pit-type excavation operation. Another advantage would be 
that some portion of the deep P4 would be removed for reuse or 
sale. The disadvantages would be: 



• incomplete recovery (i.e., much of the P4 would remain 
despite the effort and cost invested),  



• numerous safety concerns,  
• high cost of benign solvent,  
• mobilization of dissolved-phase P4 unless lateral 



containment was used,  
• high cost of containment, and  
• high cost for possible removal of the overburden.  



 
 
 A conceptual picture of how this method could be applied to a deep subsurface white 
phosphorus mass at the FMC site is shown in Figure 5-1. The top image in the figure shows a 
plan view of one of the many types of injection/extraction well patterns used for in situ leach 
mining along with idealized water flow paths. The middle image is a schematic cross section 
through a deep subsurface P4-contaminated zone, such as that associated with the Furnace 
Building (RU 1, RU 2, RA-B) at the FMC site. The bottom image is a schematic drawing of the 
key processes at the soil/sediment grain scale, which involve both the melting and oxidation of 
P4 particles. 
 
 The recovered products would consist primarily of hypophosphorus acid (H3PO2), 
phosphorus acid (H3PO3), and phosphoric acid (H3PO4), which could be neutralized by an 
ancillary process such as the one shown in Figure 5-2. After the solution has been neutralized, it 
would be refortified with the oxidant and reused at the extraction site. Due to the possible release 
of P4 vapor, phosphine gas, and P2O5 smoke, the extraction well area would probably need to be 
enclosed within a pitched structure equipped with appropriate air monitoring and gas treatment 
capabilities (see ancillary processes described in Section 5.2.1). The effectiveness of this method 
would be assessed by monitoring the phosphorus content of the effluent at the extraction wells 
and also the exploratory bore holes around the extraction zone to determine the zone of influence 
of the injection well. 
 
 In the in situ leach mining industry, the most effective method for avoiding the unwanted 
spread of the solvent or product within an aquifer is hydraulic isolation (hydraulic barrier) 
(IAEA 2001). This involves a set of auxiliary injection and extraction wells strategically placed 
(possibly vertically staged) to direct flow in the desired direction and to remove any potentially 
contaminated solutions that are missed by the primary product extraction wells. It is anticipated 
that a hydraulic barrier well system would be needed at the FMC site. 
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FIGURE 5-1 Conceptual Diagram of In situ Oxidation of P4 Based on 
Analogy with Oxidative Leach Mining (The map at the top is a view of a 
commonly used well pattern [IAEA 2001]. The cross section in the middle 
roughly represents the P4 contamination associated with Furnace 
Building RA-B. The schematic at the bottom highlights key processes at 
the grain scale.) 
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FIGURE 5-2 Reaction Path Diagram (This 
summarizes the key reactions that must be 
accounted for in the development and 
implementation of white phosphorus 
remediation by in situ oxidation.) 
(Source: Adapted from Sullivan et al. 1979) 



 
 
 The oxidation reactions for converting white phosphorus to phosphoric acid are well 
known, and their rates can be moderated by hosting the reactions within a solvent such as water. 
The use of water mitigates the major hazard involved with this treatment method, which is the 
ignition and uncontrolled burning (and associated toxic gas release) of the subsurface white 
phosphorus. The water pumped into the P4-bearing zone would be heated to a temperature 
higher than the melting point of white phosphorus (44°C) to avoid the formation of oxide layers 
that act as oxidant diffusion barriers and to increase the contact of the oxygenated water with 
P4 grains. 
 
 The only practical solvent to use for this technique would be local groundwater; however, 
there are a number of relevant oxidants that could be used. Ozone (O3) and sodium hypochlorite 
(NaClO) are the top examples of alternative oxidants, and both have been shown to increase the 
rate of white phosphorus oxidation relative to dissolved oxygen. Experiments have shown that 
the rate of oxidation of white phosphorus by dissolved oxygen can be described, in general, by 
first-order reaction kinetics. The details of the major reaction pathways that must be quantified 
and accounted for in designing oxidative treatment methods for white phosphorus are 
summarized in Figure 5-2. In addition, pH and temperature also play key rate-determining roles. 
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 For this method to work efficiently, the oxygenated water needs to be supplied to the 
P4 zone at a rate faster than it is depleted by the oxidation reactions. Determining this flow rate 
(rate of injection/extraction) must be based on a detailed hydrologic investigation of the 
contaminated soil/sediment volume of interest. Furthermore, to fully assess the applicability of in 
situ oxidation of white phosphorus, the amount of oxygen naturally taken up by the host 
soil/sediment matrix (oxygen demand), the pore water pH, and the buffering capacity must be 
known. 
 
 Therefore, the design and implementation of an in situ oxidative remediation method for 
white phosphorus would require a significant number of both laboratory and field investigations. 
The stages involved to design this method would be similar to those used to design in situ leach 
mining operations, as summarized in Table 5-4. 
 
 



 
 
  



TABLE 5-4 Principal Stages in a Design Study for In situ Leach Mininga 



 
Stage of Exploration Investigation Target Investigation Task Major Research Type 



    
Initial evaluation Conduct preliminary 



feasibility study 
Determine leaching 
properties of representative 
samples of deposit and host 
aquifer materials 



Conduct laboratory leach tests 
on core samples 



    
Preliminary 
investigation 



Establish feasibility: 
Justify parameters for 
in situ field tests and 
select appropriate test 
sites 



Determine leaching 
properties of host aquifer as 
part of controlled field tests 



Conduct in situ leach testing 
without processing the 
target deposit 



    
Detailed investigation Synthesize field and 



laboratory test results 
and design full-scale 
operation 



Develop a quantitative, 
predictive model of the entire 
operation (i.e., full-scale 
leaching and recovery of 
deposit material) 



Conduct pilot tests within 
the deposit to confirm key 
sensitivities of the model 



    
Implementation Implement full-scale 



operations based on 
pilot-test results and 
model sensitivities 



Use the model to optimize 
process parameters 



Optimize parameters based on 
recovery efficiency 



 
a Adapted from IAEA (2001). The same design approach would be used to develop an in situ oxidation and 



leaching operation for deep subsurface white phosphorus. 
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5.1.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 



This in situ-method is most appropriate for deep subsurface white-phosphorus-
contaminated zones that are not amenable to excavation. Specifically, it is for the deep (>80-ft) 
subsurface phosphorus mass present at the capillary fringe downgradient from the Furnace 
Building in RU 1 and RA-B. It is also conceivable that an oxidant leach method could be 
developed for contaminated zones in the railroad swale (RU 22c, RA-G), because in the swale, 
excavation is complicated by the impracticality of flooding that location. 
 



Site-specific pilot studies would be required to demonstrate the feasibility of this method. 
The chemistry is well known from bench-scale experiments, but it is unclear how the kinetics of 
key reactions would be influenced by the physical and chemical characteristics of the P4-hosting 
soils and sediments. Furthermore, the hydrology of the white-phosphorus-bearing zones needs to 
be well understood to design the injection/extraction well system. A recommended first step in 
further evaluating this method would be to have technical discussions with experts from the 
in situ leach mining industry. 
 
 



5.1.3.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-5. 
 
 



5.1.3.4 Overall Likelihood of Success at FMC 
 



With a number of years of well-planned pilot studies and a detailed site characterization 
project, this method could probably be successfully implemented at RA-B and RA-G of the FMC 
site. It is anticipated that the main difficulty would be quantifying the extent of decontamination 
after the method was implemented. 
 
 
5.1.4 Containment Technologies 
 
 



5.1.4.1 Description 
 



P4 waste is present at the FMC site primarily in the form of a waxy solid. It is therefore 
essentially immobile, since its solubility is very low. Very little P4 mass is being transported in 
the groundwater at FMC, and a containment technology is not needed for the P4 itself. But 
containment technologies might be necessary, depending on the type of remedial design. For 
example, in situ treatment technologies involving the use of solvents would benefit from a 
containment system to isolate the treatment area, preventing both the solvent and the target 
compound from escaping and blocking groundwater flow into the treatment zone. 
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TABLE 5-5 Assessment of In situ Oxidant Leaching Based on ETT Review Parameters  



 
Review Parameter In situ Oxidant Leaching 



 
Process maturity 



 
This was tested at laboratory scale but not tested at full scale for 
P4 treatment. It requires pilot tests. 



Limitations There is a danger of causing the ignition and uncontrolled burning of 
subsurface white phosphorus. This hazard would be mitigated by 
delivering the oxidant in an aqueous solution that is hot enough to melt 
the P4 and thus facilitate good mixing with the solution. It would also 
be difficult to quantify the success of the method (i.e., the extent of 
decontamination). A significant number of exploratory drill holes 
would be required, both before and after the method was implemented. 



Time to implement (not including 
permitting and approvals) 



Due to the lack of maturity of this method and the need for pilot 
studies and a detailed site characterization, the implementation of this 
method would probably require 3 or more years. 



Effectiveness of removing and/or treating 
P4 in soil 



This method is known to work at laboratory scale, but an in situ 
application would require pilot-scale studies to determine if the 
favorable reaction kinetics would scale up and apply in a 
heterogeneous soil/sediment matrix. The effectiveness of this method 
would be assessed by monitoring the phosphorus content of the 
effluent at the extraction wells and exploratory auger holes around the 
extraction zone to determine the zone of influence of the injection 
well. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by keeping all P4-bearing materials saturated and under 
water and by capturing and treating gases and appropriate PPE. 



Community health and safety during 
implementation 



Unmitigated risk would be high due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by enclosing the injection/extraction well site and 
off-gas treatment process. 



Impacts to the environment during 
implementation 



Unmitigated risk would be significant. Air quality could be affected by 
the release of particulate P4, phosphine, and P2O5/phosphoric acid 
vapors. Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the injection wells. 
The risk would be mitigated by containment of the site and gas 
treatment and hydraulic containment wells (P&T). 



Post-implementation impacts on the 
environment and the community 



The region where this method was applied would contain a large 
number of boreholes, and the local groundwater table would be 
disturbed by the injection/extraction wells. There is a possibility the 
phosphoric acid would be transported away from the injection well 
region, which could be detrimental to local ecosystem. This hazard 
would be mitigated by properly designing the extraction well system. 
If this method is successful, no long-term effects from it are predicted. 
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TABLE 5-5 (Cont.)  



 
Review Parameter In situ Oxidant Leaching 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface 
P4-bearing zones could be remediated without the need for a large, 
open-pit-type excavation operation. The chemistry is well known and 
deactivates the main hazard associated with P4: its pyrophoric nature. 
This ETT would probably be acceptable from a permitting standpoint, 
with a risk mitigation plan based on proven technologies (air treatment 
enclosure, hydraulic containment wells, and/or hydrologic/reactive 
barriers) and with successful pilot studies having been performed and 
having received appropriate quality assurance/quality control.  
 
The disadvantages would be the: 



• need for pilot studies, 
• considerable effort needed for site characterization,  
• difficultly in quantifying the extent of P4 decontamination 



after the method was implemented, and  
• hazards involved with a possible run-away oxidation reaction 



leading to ignition and an uncontrolled burn.  



 
 



One type of containment technology is known as freeze wall. Freeze wall technology has 
been used in environmental and energy applications (e.g., to stop contaminated groundwater 
discharge at Fukushima or to establish cell boundaries during in situ oil shale retorting) to create 
a flow barrier by chilling the formation to freeze the groundwater. This involves drilling 
numerous vertical holes for circulating refrigerant. It requires a significant amount of electrical 
power. It is possible to install a freeze wall to a great depth; some applications cover several 
hundred vertical feet. 
 



A second type of containment technology is sheet piling. Sheet piling involves 
interconnected steel pieces being successively driven into the subsurface to create a wall. With 
the use of tiebacks, the wall height can be about 10 ft if excavation takes place along one side of 
the wall. Reaching great depths would necessitate a series of telescoping lifts. 
 



A third type of containment technology is a slurry wall. This is constructed by a trencher 
that can reach down to 80 ft in depth (Dewind 2015). As the trench is excavated, it is backfilled 
with low-permeability materials to create a groundwater flow barrier. 
 
 



5.1.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 At FMC, containment technology could be used in conjunction with in situ remedial 
technologies to address the deep P4 at the Furnace Building. For example, solvent extraction 
performed in the Furnace Building vicinity would benefit from the installation of some type of 
containment to prevent lateral losses of the solvent liquid. The cost of containment would be 
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significant, however, and the cost of estimated benign solvent losses over the duration of 
remediation would need to be compared with the cost of containment. 
  



The cost of containment could be significantly reduced if different approaches were used 
in the thick unsaturated zone instead of the capillary fringe approach. For example, if careful site 
characterization indicated that the unsaturated zone had negligible amounts of P4, then 
excavation to remove the overburden could reduce the overburden’s thickness above the 
concentrated P4 at the capillary fringe from about 80 ft to, for example, 20 ft. Thus a layer of 
alluvial deposits would be maintained between workers and the P4, and ideally air would not be 
allowed to diffuse down into the concentrated P4. Although the earth-moving costs would be 
substantial, the containment would be much more cost effective, and the volume of solvent 
would be greatly reduced. The amount of P4 present in the overburden, however, could be 
significant, as described in Section 5.2. 
 
 At FMC, during the installation of a freeze wall to support benign solvent extraction at 
the Furnace Building, drilling (augering) through subsurface P4 would need to be avoided. 
Because the site is poorly characterized, the overall length of the bounding freeze wall cannot be 
optimally reduced. The areal extent of assumed P4 in the capillary zone suggests that a freeze 
wall would be cost-prohibitive due to installation and operational (i.e., power) costs. At FMC, a 
freeze wall could be installed to a depth below the P4 at the capillary fringe (i.e., to a depth of 
about 90 ft below current grade). One consideration related to a freeze wall is that it would be 
unbounded across the bottom of the established treatment cell. The use of a benign solvent 
lighter than water would allow the solvent to remain in the cell if the freeze wall extended into 
the saturated zone, since the solvent would be buoyed up by the groundwater. 
 
 Multiple sheet pile cells would need to be nested together with successively smaller areas 
in order to reach P4 at about 80 ft deep. Coarse gravel can be penetrated during the installation of 
sheet piling. Cobbles can be handled, but boulders cannot (Lee 2015). The Waterloo barrier® is a 
special form of sheet piling that involves the injection of a sealant into a sheet pile wall during its 
construction. This would improve the performance of a sheet pile containment wall in the lateral 
direction. A rough estimate of the cost of a Waterloo barrier is $35 (Canadian) per vertical 
square foot installed (Lee 2015). At FMC, this technology could be used only if the upper 60 to 
70 ft of the unsaturated zone had negligible amounts of P4. Otherwise, each telescoping sheet 
pile cell extending from the current ground surface would need an unbounded bottom, and 
benign solvents used in solvent extraction would be expected to have continuous downward 
losses. 
 
 The deep trencher would not reach the full thickness of the P4 at the water table. 
Approximately 10 ft of surficial material would need to be removed to allow the equipment to 
reach the proper depth a bit below the deep P4 deposit. If the unsaturated zone did not have any 
significant P4 contamination, then large-scale earth-moving could be performed to remove 
alluvium and allow the capillary fringe depth to be reached with a shallower trench. 
 
 A containment barrier could also be installed as a grout curtain. In this approach, 
injection tubes are pushed into the subsurface, and grout is injected across a desired depth 
interval. Injection holes are spaced sufficiently close to create a barrier to groundwater flow. 
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5.1.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-6. 
 
 



5.1.4.4 Overall Likelihood of Success at FMC 
 
 Although the extent of the concentrated P4 at the capillary fringe zone has not been 
characterized, the estimated mass and concentration of P4 (shown in Figure 2-2) suggest that it 
could be present in an area measuring roughly 900 × 600 ft. The cost for using any one of the 
three containment technologies to support benign solvent extraction, therefore, would be 
prohibitive. The cost for large-scale earth-moving of the overburden materials (if it is determined 
that they do not have a significant amount of P4) would be substantial, but it would result in a 
tremendous savings over the cost of any other selected containment method. 
 
 



TABLE 5-6 Assessment of Containment Technologies Based on ETT Review Parameters 



 
Review Parameter Containment Technologies 



 
Process maturity 



 
Mature, but the technology has never been applied to P4 waste. 



Limitations • These technologies do not excavate or remediate, but they could be used 
in conjunction with in situ remediation technologies to address deep P4.  



• The NPV estimate for Alternatives 5 through 7 in the September 2010 
Proposed Plan would be a comparable to the OOM estimate to implement 
this ETT in conjunction with an excavation, treatment, and disposal ETT. 



Time to implement (not 
including permitting and 
approvals) 



Identifying a containment approach could take up to 1 year. Estimated time is 
5 years for installation, with or without large-scale earth-moving to remove 
much of the overburden. 



Effectiveness of removing 
and/or treating P4 in soil 



Not applicable. 



Process safety for site workers 
during implementation 



The degree of safety would be tied to how conservatively large the 
containment boundary surrounding the poorly characterized Furnace Building 
vicinity was, and to whether P4 was present in the thick unsaturated zone or 
whether it was not (which would allow for safe earth-moving).  



Community health and safety 
during implementation 



Not applicable. 



Impacts to the environment 
during implementation 



There would be general impacts due to heavy equipment. Drill cutting disposal 
would be associated with a freeze wall and deep trenching.  



Post-implementation impacts 
on the environment and the 
community 



Not applicable.  



Overall discussion of 
advantages and disadvantages 



A possible advantage would be the conservation of expensive benign solvent 
or the containment of heated, flowing P4. Disadvantages would be the high 
cost of installation for all three methods and the high cost of power for a freeze 
wall. The cost could be reduced if a large portion of the overburden could be 
excavated safely (which would depend on whether there was uncharacterized 
P4 in the thick unsaturated zone).  
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5.2 EX SITU EXCAVATION TECHNOLOGIES 
 
 
5.2.1 Ancillary Technologies 
 
 In order for P4 waste (i.e., waste or soil or debris contaminated with P4) to be treated by 
an ex situ technology, a suite of ancillary technologies would have to be applied to excavate, 
store, sample, size, and blend excavated waste to meet the acceptance criteria of the treatment 
technology selected. The excavation of P4 waste would produce process residuals that would 
require treatment. Before the excavation project could be started, a strategy for treating 
excavated waste as part of, or in parallel with, excavation would need to be determined in order 
to avoid the accumulation of any new hazardous materials. The three main process residual 
streams that would have to be treated during excavation are as follows: 
 



1. Phosphine (PH3) and P4 gases, which accumulate due to disproportionation and 
sublimation of P4 and are released when P4-rich materials are disturbed; 



 
2. Phosphorus pentoxide (P2O5) gas from P4 oxidation, which reacts with water to 



form phosphoric acid; and 
 



3. Aqueous solutions with minor amounts of dissolved and particulate P4 (phossy 
water). 



 
 These process residual streams can be treated by straightforward, well-established 
chemical processes, examples of which are summarized in Figures 5-3, 5-4, and 5-5. 
Conventionally, the phosphine and P4 gas residuals are destroyed in a ~750°C thermal oxidizer, 
and the resulting P2O5 can be converted to phosphoric acid in an in-line quenching chamber 
(Franklin Engineering Group 2007). The resulting phosphoric acid can be marketed as a product 
or neutralized by using calcium hydroxide or an equivalent base.  
 
 Aqueous solutions that have come in contact with white-phosphorus-bearing materials 
will contain relatively low concentrations (mg/L range) of dissolved and suspended P4. These 
solutions are conventionally treated in a hydrolysis reactor that converts P4 to phosphine 
(Franklin Engineering Group 2007). The phosphine can then be burned in the thermal oxidation 
process (Figure 5-3). For a more detailed summary of the three processes shown in Figures 5-3 
through 5-5, see Franklin Engineering Group (2007). 
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FIGURE 5-3 Generic Flow Diagram for Treating P4-, P2O5-, H3PO4-, and 
PH3-Bearing Gases Released during the Excavation of White-Phosphorus-
Rich Materials (Source: Adapted from Franklin Engineering Group 2007) 



 
 



 



FIGURE 5-4 Generic Flow Diagram for Treating Phosphoric Acid 
Wastewater Produced from Treating Gases Captured during the 
Excavation of White-Phosphorus-Rich Materials (Source: Adapted from 
Franklin Engineering Group 2007) 



 
 



 



FIGURE 5-5 Generic Flow Diagram for Treating P4-Bearing Water 
Produced during the Excavation of White-Phosphorus-Bearing 
Materials (Source: Adapted from Franklin Engineering Group 2007) 



 
 











 



58 



5.2.2 Mechanical Excavation Technologies 
 
 



5.2.2.1 Description 
 
 Traditional earth-working equipment could be used to excavate and move material 
contaminated with white phosphorus, provided that the hazards posed by its pyrophoric nature 
and corrosive reactive off-gases were mitigated. Mechanical excavation could proceed with 
tracked or wheeled vehicles (backhoes, front-end loaders, bulldozers, crane/clamshells, bobcat-
type units, etc.). Excavation footprints could be accessed by using layback excavation benches, 
shoring, freeze walls, and trench boxes. Trench boxes and shoring might be particularly effective 
for excavating a linear feature like an underground pipeline. Materials containing approximately 
1,000 mg/kg or more of P4 are hazardous and would thus require specific hazard mitigation steps 
(FMC 2009). The pyrophoric hazard could be mitigated by performing the excavation when 
ambient temperatures are below 30°C (or by controlling temperature in a temporary structure 
erected over the excavation site) and/or by keeping the white-phosphorus-bearing materials 
covered and saturated with water, while the off-gas from the excavation site could be captured 
and treated. The off-gas treatment would involve enclosing the excavation site in a temporary 
structure with a slight negative pressure and passing the enclosure atmosphere through an air 
pollution control system. One approach for using a temporary structure is described in 
Section 5.3.2, “Drying/Mechanical Mixing with Containment.” A generalized flow diagram for a 
typical treatment process for gases released during the mechanical excavation of white 
phosphorus is shown in Figure 5-3. 
 
 Ideally, the heavy equipment used for excavating white phosphorus materials would be 
autonomous or remotely operated to minimize risk to workers, and any personnel within the 
excavation enclosure would wear PPE appropriate for working with white phosphorus, airborne 
P2O5 particulate, phosphoric acid vapors, and phosphine gas. Remotely operated equipment is 
available commercially. The selection of equipment is somewhat limited, but the equipment has 
been used at the Hanford Reservation (Badden and Seely 2010) in Washington State. Mechanical 
excavation would also produce an aqueous process stream that would require treatment. Any 
water that would come into contact with the phosphorus-bearing materials might contain 
dissolved and/or particulate white phosphorus as well as other contaminant metals and thus 
would have to be captured and treated. A standard process for treating water that has come into 
contact with elemental phosphorus is summarized in Figure 5-5. The water that is treated for 
white phosphorus could then be returned to the excavation site. 
 
 Controlled experiments and field observations indicate that that soils and sediments 
containing less than 1,000 mg/kg of white phosphorus do not smoke (Appendix K of 
FMC 2009); that is, they do not emit observable amounts of P2O5. Therefore, it is likely that the 
excavation of materials containing less than 0.1 weight percent (wt%) P4 would not require an 
enclosure or gas treatment. However, thorough characterization of the materials in question 
would need to be performed prior to open-air excavation. Furthermore, phosphine gas is 
colorless, and it can be released when P4-bearing materials are disturbed. Tests for subsurface 
phosphine and aboveground monitoring should thus be performed even at excavation sites shown 
to contain relatively low concentrations of white phosphorus. 
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5.2.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 With proper hazard mitigation, mechanical excavation would be applicable to all of the 
contaminated regions, except possibly the deep (i.e., more than 80 ft deep) subsurface 
phosphorus mass present at the capillary fringe downgradient from the Furnace Building in 
RU-A and RU-B. Exhumation of the P4 at the capillary fringe would require a pit that is 90 ft 
deep and 1,500 ft in diameter and the removal of 2.5 million yd3 of potentially contaminated 
soil/fill (FMC 2010). 
 
 Excavation of white-phosphorus-bearing material in the railroad swale (RU 22c, RA-G) 
would likely have to be performed by mechanical excavation due to the impracticality of 
dredging a site that does not lend itself to flooding and contains coarse-grained gravels 
throughout the subsurface. As discussed next, the most promising excavation technique for the 
former ponds (RU 22b, RA-C) is likely cutter suction dredging, but mechanical excavation 
would still be needed to prepare the pond sites for flooding and perhaps to remove slag layers 
that overlie the P4-bearing pond sludge/sediments. 
 
 Mechanical excavation would also be the only applicable method for the white-
phosphorus-bearing railcars buried in the slag pile. This would likely involve the removal of 
most of the slag (~300,000 yd3, according to FMC 2010) by open-air excavation (justified by 
low concentrations of P4), followed by excavation, removal, and/or in situ treatment of the 
railcars within a negative pressure enclosure and an associated off-gas treatment process. 
 
 In all applicable regions, the initial excavation effort would likely involve removing an 
overburden consisting of variable thicknesses of slag, soil, and, in some areas, asphalt and 
concrete. If it is known that the overburden materials are free of P4, they could be removed by 
open-air mechanical excavation. Excavated residuals that were only slightly contaminated with 
P4 might be able to be treated by mechanical mixing with containment, as discussed in 
Section 5.3.2. However, when excavation approached horizons known or suspected to contain 
≥0.1 wt% P4, appropriate hazard mitigation systems (excavation enclosure, gas and residuals 
treatment) should be in place. The excavation project would be coupled to one or more ex situ 
treatment processes (discussed next) to provide a constant feed of materials. 
 
 



5.2.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-7. 
 
 



5.2.2.4 Overall Likelihood of Success at FMC 
 
 Mechanical excavation has been used historically at the FMC site to maintain white-
phosphorus-bearing impoundments (ponds) and is currently being used in recent and ongoing 
regrading activities. Furthermore, during the construction of the LDR plant, approximately 6 yd3 
of white-phosphorus-bearing materials were mechanically excavated, transferred to 55-gal 
drums, and shipped off site for incineration (FMC 2009). Therefore, there is a precedent for 











 



60 



TABLE 5-7 Assessment of Mechanical Excavation Based on ETT Review Parameters 



 
Review Parameter Mechanical Excavation 



 
Process maturity 



 
Mature. 



Limitations • There are worker health and safety limitations. P4 must be kept 
under water to avoid ignition; high levels of phosphine gas can be 
released when P4 materials are disturbed; and the P2O5 from 
inevitable P4 burning reacts with moisture to form phosphoric acid.  



• The major limitation of mechanical excavation with regard to 
former pond sites is that, once they are flooded, the P4- bearing 
layers would probably not support the weight of heavy equipment.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with a treatment and disposal 
ETT. 



Time to implement (not including 
permitting and approvals) 



Could be implemented immediately. 



Effectiveness of removing and/or 
treating P4 in soil 



Would remove P4 waste. Would not remove hazardous characteristics 
of materials. Requires a treatment ETT to treat P4. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk could be 
mitigated by flooding the excavation site, capturing and treating gases, 
and using appropriate PPE. 



Community health and safety during 
implementation 



Unmitigated risk would be high due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by enclosing the excavation site and using an off-
gas treatment process. 



Impacts to the environment during 
implementation 



Unmitigated risk would be significant. Air quality could be affected by 
the release of particulate P4, phosphine, and P2O5/phosphoric acid 
vapors. Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by containment of the excavation site, 
gas treatment, and the use of hydraulic containment wells (P&T).  



Post-implementation impacts on the 
environment and the community 



None. The excavated site would be filled with uncontaminated (treated) 
soil.  



Overall discussion of advantages and 
disadvantages 



The main advantage of mechanical excavation methods over hydraulic 
ones is their simplicity. Mechanical excavation does not require suction 
pump systems that must be maintained and can be clogged by oversized 
debris. The main disadvantage is the high safety and environmental 
risks associated with P4 ignition, phosphine gas, P2O5/acid vapors, and 
contaminant transport beneath the excavation site. The mitigation of 
these hazards for sites with more than 1,000 mg/kg of P4 would require 
that the excavation site be fully enclosed in a negative-pressure 
enclosure with an attached air pollution treatment facility. Therefore, 
mechanical excavation would be most appropriate for regions with low 
concentrations of P4 (below 1,000 mg/kg) and regions that are not 
amenable to dredging. 
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using mechanical excavation to move P4-bearing materials at the FMC site. However, the 
excavation of the thousands of tons of white-phosphorus-rich materials in the former ponds and 
railroad swale would require new, large-scale hazard mitigation systems, such as flooding the 
excavation site with water and using gas capture and treatment. 
 
 A possible complication associated with any method that involves the use of large 
volumes of water at the excavation site is the transport of contaminants with the water that seeps 
into the subsurface below the excavation zone. In this scenario, soluble forms of contaminants 
(e.g., HAsO4



2-, HAsO2[aq], UO2
2+) could be leached from the excavation volume and transported 



toward the water table by percolation. Hydraulic containment wells (pump and reuse at 
excavation site) and/or hydrologic/reactive barriers could be used to mitigate contaminant 
mobilization; however, the design of such barriers would need to be assessed on a site-by-site 
basis. 
 
 It is recognized that the use of mechanical excavation to extract the amount (more than 
500,000 yd3) of P4-bearing materials from the former ponds represents a unique challenge due to 
the fire and off-gas hazards. These hazards could be largely mitigated, however, by using 
existing technologies. The major limitation of mechanical excavation at the FMC site is that the 
soft, water-saturated, white-phosphorus-bearing soil/sludge materials would probably not support 
the weight of heavy equipment, such as backhoes and tracked excavators. (A rule-of-thumb 
weight for a two-wheeled backhoe capable of digging to a 15-ft depth is 15,000 lb, and most 
relevantly sized tracked excavators weigh more than this.) Since operating heavy equipment on a 
soft, unstable surface poses unacceptable risks, it is likely that long-reach excavators would be 
required to excavate the former ponds. Site-specific analyses are required to assess the 
applicability of standard long-reach excavators (with a 50- to 100-ft reach) to the former ponds. 
Pond 7S might prove to be particularly challenging due to its relatively large areal extent. Other 
complications associated with applying mechanical excavation to the FMC site include these: 
 



• Inefficiency of physically “shoveling” hazardous mud while trying to avoid 
any localized drying that would lead to pyrophoric residues, 



 
• Related complications of using remotely operated heavy machinery, and 



 
• Installation and operation of a site enclosure and a gas capture/treatment 



system. 
 
 Mechanical excavation does have a significant advantage over methods that use pumping 
and pipelines (dredging and hydraulic exaction, discussed next) in that it does not require size 
reduction at the point of excavation and is not subject to shutdowns due to clogged pipes. 
 
 The overall likelihood of successfully using mechanical excavation, with constant water 
cover and off-gas treatment, at the FMC site is deemed high for all regions capable of supporting 
heavy machinery. It is envisioned that mechanical excavation would be used for site preparation 
and the removal of slag and other hard fill materials that contain only low or suspected amounts 
of white phosphorus. The removal of materials with P4 contents of more than 1 wt% (e.g., in the 
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bulk of Ponds 1S, 2S, 3S, 4S, 5S, 6S, 7S, and 10S) would probably be accomplished most 
efficiently and safely by using a remotely operated hydraulic dredging technique. 
 
 
5.2.3 Cutter Suction Dredging 
 
 



5.2.3.1 Description 
 
 A cutter suction dredge is a slurry excavator consisting of a rotating cutter head fitted 
with an opening through which loosened materials are pumped. The cutter head is submerged in 
the water-saturated materials being dredged. The material is “chopped” by a steel cutter at the 
site of excavation to facilitate pumping of the excavated slurry. 
 
 Franklin Engineering Group (2007) reported that a long-reach excavator with a cutter 
suction dredge head was designed for use at the Glenn Springs white phosphorus site, while a 
remotely operated floating cutter suction dredge was designed for use at the FMC Idaho site. 
These dredge designs were targeted to provide the needed mass-per-time feeds for specific site 
treatment plants. The dredging plan for the FMC site involved producing and pumping a 3 to 
8 wt% suspended solids slurry at 350 gallons per minute (gpm) to achieve an overall dredge rate 
of 113,400 gal of slurry per day (FMC 2000). The Glenn Springs dredging system was based on 
pumping 1,800 gpm of sludge by using an 8-in. pipeline that would allow for solids no larger 
than 3 in. The FMC dredge system pipeline was 4 in. in diameter and could allow 0.5-in. solids 
to pass. The dredging plans at both the Glenn Springs and the FMC sites involved a set of unit 
processes that ultimately dewatered the excavated slurries and returned the process water back to 
the excavation site to maintain the desired water level. 
 
 State-of-the-art, commercially available, cutter suction dredges designed specifically for 
use in contaminated ponds and lagoons might be directly applicable to the former ponds at the 
FMC site. Of specific interest are the small- to medium-sized, remotely operated units that come 
as either amphibious tracked dredges or pontoon-floated automated dredges. State-of-the-art, 
commercially available cutter suction dredges generally offer the following relevant features: 
 



• Can be remote controlled by radio from 500 ft away or programmed for full 
automation, 



 
• Have 40- to 60-horsepower submersible slurry pumps, 



 
• Can sense and adjust to the topography of the pond bottom being dredged,  



 
• Can automatically maintain the delivery of a constant solids concentration 



(10 to 30 wt% solids), and 
 



• Contain only a minimal number of moving mechanical parts (there are only 
four moving parts on a typical modern remote dredge). 
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Two examples of commercially available dredge units are shown in Figures 5-6 and 5-7. 
 



Treatment processes generally have an optimum waste acceptance criterion that should 
be met for the technology to work successfully. To operate efficiently and consistently, most 
white phosphorus treatment processes require a feed that is physically consistent in terms of 
particle size and solids concentration. This would require a feed preparation step between cutter 
suction dredging and treatment. FMC Patent 4,492,627 describes a sequence of technologies that 
could be used to produce a physically consistent process feed from cutter suction dredging of the 
former ponds at the FMC site. This patent shows that the slurry of P4-bearing rock and soil 
collected by a cutter suction dredge could be prepared for treatment by a number of separation 
steps, such as conducting physical screening, melting oversized masses of P4, and using 
hydrocyclones and centrifugation for particle size separation. Some of the key particle sizing 
steps detailed in FMC Patent 4,492,627 are summarized in Figure 5-8. 
 
 



 



FIGURE 5-6 Tracked Radio-Remote-Controlled Cutter Suction Dredge (Source: Photos 
from Liquid Waste Technology, LLC, ROV SRD-6E specifications brochure) 
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FIGURE 5-7 Pontoon Floated Radio-Remote-Controlled 
Cutter Suction Dredge (Source: Photos from Liquid Waste 
Technology, LLC, Mud Cat 50E specifications brochure) 
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FIGURE 5-8 Generic Flow Diagram for Size Reduction Treatment 
before Chemical Processing (Source: Adapted from FMC 
Patent 4,492,627) 



 
 



5.2.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Cutter suction dredging is applicable to the former ponds in RU 22b (RA-C and RA-D), 
provided that they can be flooded so that a slurry of approximately 30 wt% (or less) of 
suspended solid can be produced at the excavation site. The three generic options for mounting 
the cutter suction head are:  
 



• Tracked submersible excavators, 
 



• Pontoon-mounted dredge, and 
 



• Long-reach excavators. 
 
 Remotely operated, submersible, cutter suction excavators, such as the one shown in 
Figure 5-6, offer a good deal of flexibility and are directly applicable to all white-phosphorus-
contaminated regions at the FMC site that are amenable to at least localized flooding. Remotely 
operated, pontoon-mounted, cutter suction dredges, such as the one shown in Figure 5-7, are also 
directly applicable to the FMC site but would require at least 16 in. of freeboard water to operate. 
An advantage of the floated dredges is that the cutter suction head can be mounted on a winch-
controlled boom that can readily reach 14-ft depths, and commercially available units can be 
customized for deeper maximum reaches. The long-reach, excavator-mounted cutter suction 
dredge is probably the least promising of the three types because it would be considerably more 
complicated to operate and could be difficult to properly stabilize along the soft mud banks of 
the ponds being excavated. 
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 Figure 5-9 is a conceptual diagram for the use of cutter suction dredging for the 
excavation of one of the former ponds at the FMC site. 
 
 



5.2.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-8. 
 
 



5.2.3.4 Overall Likelihood of Success at FMC 
 
 As mentioned, a possible complication associated with any method that involves flooding 
a contaminated region is the possible transport of contaminants with infiltration. In this scenario, 
soluble forms of contaminants (e.g., HAsO4



2–, HAsO2[aq], UO2
2+) could be leached from the 



excavation volume and transported toward the water table. This process could be mitigated by 
the use of hydraulic containment wells (pump and reuse at excavation site) and/or 
hydrologic/reactive barriers. 
 
 Another possible complication associated with this method would involve the type and 
size of the materials being dredged. Large pieces of quartzite or slag used as fill materials in the 
former ponds at the FMC site might not be amenable to size reduction by the cutter end and 
would thus be rejected by the suction system. If such large pieces of debris were encountered and 
hindered the dredge’s progress, they would have to be removed by using a long-reach excavator. 
Furthermore, large pieces of solidified P4 might also be encountered; however, these pieces 
could be dredged by using thermal-hydraulic methods (summarized next) involving the use of 
steam to melt P4 at the cutter suction head. 
 
 Practical experience has shown that localized ignition of white phosphorus cannot be 
completely avoided with cutter suction. Occasionally, the cutter suction parts and other internals 
would have to be exposed to air for maintenance reasons. Hazards associated with the inevitable 
burning and smoking of white phosphorus during maintenance of these dredging systems would 
have to be mitigated. This could be done with the use of slightly negative-pressure enclosures 
into which the cutter suction parts would be moved for servicing and cleaning as needed.  
 
 If the risk of subsurface contaminant mobilization was mitigated, cutter suction dredging 
would have a high likelihood of success as a front-end process for the excavation and treatment 
of the white-phosphorus-bearing materials in the RU 22c (RA-C, RA-D) former ponds. 
However, mechanical excavation methods would probably need to precede the cutter suction 
dredging to remove the slag overburdens from some of the former pond areas and to prepare the 
sites for flooding. 
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FIGURE 5-9 Conceptual Diagrams (not to scale) Showing a Possible 
Sequence of Steps for Excavating White-Phosphorus-Bearing Materials 
from a Flooded P4 Impoundment (Source: developed by Argonne) 
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TABLE 5-8 Assessment of Cutter Suction Dredging Based on ETT Review Parameters 



 
Review Parameter Cutter Section Dredging 



 
Process maturity 



 
Mature. 



Limitations • This method requires complete flooding of the excavation site. A 
constant, large supply of water is needed to keep the excavation 
site flooded and to maintain the pond’s water level.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with a treatment and disposal 
ETT. 



Time to implement (not including 
permitting and approvals) 



This method could be implemented immediately if an adequate water 
supply is available. 



Effectiveness of removing and/or treating 
P4 in soil 



This method would remove P4-bearing materials. It would not remove 
hazardous characteristics of materials. Excavated P4 waste would have 
to be subjected to a treatment technology. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by flooding the excavation site and by doing the excavation 
by using remotely operated dredges. Phosphine gas would be 
monitored (both site and personnel monitoring). Maintenance on 
dredge parts would be performed in a negative-pressure enclosure with 
gas treatment and with workers who were wearing appropriate PPE. 



Community health and safety during 
implementation 



Accidental drying at the excavation site would have significant 
community health and safety consequences due to the possible release 
of particulate P4, phosphine, and P2O5/phosphoric acid vapors. The 
risk would be mitigated by maintaining a large volume of excess water 
at the excavation site along with sand for smothering P4 fires. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. Air could be affected by the 
release of particulate P4, phosphine, and P2O5/phosphoric acid vapors. 
Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by keeping the excavation site 
flooded and containing the site groundwater by hydraulic containment 
(P&T wells). 



Post-implementation impacts on the 
environment and the community 



The excavated site would be filled with uncontaminated (treated) soil. 



Overall discussion of advantages and 
disadvantages 



The main advantage of cutter suction dredging over mechanical 
excavation is that it would be performed remotely, thus greatly 
reducing worker health and safety risks. Furthermore, the removal and 
transport of P4 materials as a slurry (~10 wt% solids) would minimize 
the risk of large masses of P4-bearing materials drying out and 
igniting. The overall advantage is that it would minimize the risk to 
workers. Its main disadvantages would be its need for large volumes 
of water and the inevitable equipment failure and complications 
(e.g., clogging of pumps and pipes) associated with its use.  
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5.2.4 Thermal-Hydraulic Dredging 
 
 



5.2.4.1 Description 
 
 Another option for removing white phosphorus from contaminated soil and sediments 
involves melting and pumping the P4 at the site of excavation. Due to its low melting point 
(around 44oC), white phosphorus can be melted by hot water or steam applied at the front of a 
modified cutter suction dredge. This approach has been used in phosphorus treatment plants by 
supplying heat through a steam-jacketed cylinder surrounding the suction pump (Franklin 
Engineering Group 2007).  
 
 An advantage to the thermal-hydraulic dredge technique is that large pieces of pure P4 or 
P4-cemented aggregates that would be rejected by the screen on the cutter suction intake could 
be broken down (melted) using the thermal-hydraulic method and sucked up by the pumping 
system. The general disadvantages to the application of heat at the cutter suction tip are the 
added energy costs and the fact that the equipment is more complicated to operate and maintain. 
 
 



5.2.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The applicability is the same as that for cutter suction dredging. In fact, the thermal-
hydraulic dredge method is essentially a modification or added feature of the cutter suction 
method. As discussed in the section on cutter suction dredging, this technology would require a 
feed preparation step between cutter suction dredging and any treatment technology, such as the 
preparation step depicted in Figure 5-8.  
 
 



5.2.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-9. 
 
 



5.2.4.4 Overall Likelihood of Success at FMC 
 
 The likelihood of success would be the same as that for cutter suction dredging in that it 
would be high for locations that could be flooded. 
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TABLE 5-9 Assessment of Thermal Hydraulic Dredging Based on ETT Review Parameters 



 
Review Parameter 



 
Thermal Hydraulic Dredging  



 
Process maturity 



 
Mature. 



Limitations This method requires complete flooding of the excavation site. A 
constant, large supply of water is needed to keep the excavation site 
flooded and to maintain the pond’s water level. The NPV estimate for 
Alternatives 5 through 7 in the September 2010 Proposed Plan would be a 
comparable OOM estimate to implement this ETT in conjunction with a 
treatment and disposal ETT. 



Time to implement (not including 
permitting and approvals) 



This method could be implemented immediately if there was an adequate 
water supply. 



Effectiveness of removing and/or 
treating P4 in soil 



This method would remove P4-bearing materials. It would not remove 
the hazardous characteristics of the materials. Excavated P4 waste would 
have to be subjected to a treatment technology. 



Process safety for site workers during 
implementation 



• There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by flooding the excavation site and doing the excavation 
by using a remotely operated thermal-hydraulic excavator. Phosphine 
gas would be monitored (both site and personnel monitoring).  



• Maintenance on dredge parts would be performed in a negative-
pressure enclosure with gas treatment and by workers wearing 
appropriate PPE. 



Community health and safety during 
implementation 



Accidental drying at the excavation site would have significant 
community health and safety consequences due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by maintaining a large volume of excess water at the 
excavation site and also sand for smothering P4 fires. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. Air could be affected by the 
release of particulate P4, phosphine, and P2O5/phosphoric acid vapors. 
Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by keeping the excavation site flooded 
and containing the site groundwater by hydraulic containment (P&T 
wells). 



Post-implementation impacts on the 
environment and the community 



The excavated site would be filled with uncontaminated (treated) soil. 



Overall discussion of advantages and 
disadvantages 



The main advantage of thermal-hydraulic dredging over mechanical 
excavation and cutter suction dredging is that it could be performed 
remotely, thus greatly reducing worker health and safety risks, and it 
would minimize the chance of the pump and pipeline becoming clogged 
due to large pieces of P4 (would be melted prior to suction). Furthermore, 
the removal and transport of P4 materials as a slurry (~10 wt% solids) 
would minimize the risk of large masses of P4-bearing materials drying 
out and igniting. The overall advantage would be minimizing the risk to 
workers. The main disadvantages of the method would be the need for 
large volumes of water, thermal input, and the inevitable equipment 
failure and complications (e.g., clogging of pumps and pipes by rocks) 
associated with its use.  
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5.2.5 Summary on Appling Excavation Methods to the FMC Site 
 
 Table 5-10 matches the major white-phosphorus-bearing regions at the FMC site with the 
most promising excavation method for each region. All three excavation methods would require 
large amounts of water. Cutter suction dredging and thermal-hydraulic dredging would require 
the complete flooding of former pond sites, all of which were dewatered prior to 1982. The most 
likely source of water for excavation would be groundwater extracted as part of a hydraulic 
containment program (P&T) designed to prevent contaminants associated with the P4-containing 
soil and debris from downgradient migration and going off site. The hydraulic containment plan 
discussed in MWH (2010) states that a groundwater extraction rate of 530 gpm would be 
required. This supply of 3,780 yd3 of water per day would be adequate supply for excavation. 
 
 To put these numbers in perspective, here are some data. It is estimated that the total 
volume of P4 wastes and fill in the former ponds is 595,820 yd3 (FMC 2010). Based on the 
assumption that there is 50% porosity, the former ponds contain 297,910 yd3 of void space that 
needs to be saturated before or during excavation. Based on a groundwater extraction rate of 
530 gpm (3,780 yd3 of water per day), there would be enough water to fully saturate the former 
ponds in approximately 79 days. 
 
 Observations during site investigations revealed that in some places, the crushed slag fill 
had become compacted and formed solid layers up to several feet thick (FMC 2010). The 
presence of these relatively dense layers would be revealed by geophysical surveys of the 
excavation site during the characterization and planning phase of the excavation project (e.g., by 
ground-penetrating radar or seismic reflection). Such layers would likely require removal using 
mechanical excavation techniques. 
 
 Process knowledge regarding the addition of white-phosphorus-bearing materials to the 
former pond impoundments indicates that the P4 concentration in these materials would likely 
vary considerably. It is noted in MWH (2010) that the addition of precipitator slurry to the ponds 
might have concentrated the white phosphorus due to the method of discharge. It was observed 
that P4 was in a molten state within the discharge pipe (>44°C), but it rapidly solidified upon 
entering the lower-temperature pond sediments. It thus formed highly concentrated masses or a 
monolith of P4 at the pipe outlet. The discharge pipes were moved periodically to evenly 
distribute the P4-containing soil and debris within the ponds, so these highly concentrated 
masses of P4 would be distributed throughout the impoundments (MWH 2010). It is possible 
that the blades on the cutter suction dredge head will not be able to cut through the solid masses 
of P4. These masses could be readily broken down, however, by using a steam lance fitted to the 
dredge head. 
 
 Due to the variability of the characteristics of the white-phosphorus-bearing material in 
each remediation area, it is likely that all three excavation methods would play important roles in 
removing the P4-containing soil and debris for treatment. All three methods have unique sets of 
advantages and disadvantages that make them complimentary to each other. 
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TABLE 5-10 Most Promising Excavation Method for Each White Phosphorus-Bearing Region 
of the FMC Sitea 



Location 



 
Max. P4 



Mass 
(tons) 



Likely 
P4 Conc. 



(wt%) 
Area 



(acres) 



Depth to 
Native Soil 
or to P4 (ft) 



Total Fill 
Volume 
(yd3)b Best Excavation Method 



       
Capillary fringe, 
RU 1, RU 2, 
RA-B 



5,470 50 7.8 90 to P4 2,500,000c In situ treatment or 
mechanical excavation 
(open pit) 



       



Pond 7S, RU 22b, 
RA-C 



4,420 20 3.6 20 116,160 Cutter suction dredging 



       



Pond 6S, RU 22b, 
RA-C 



3,000 10 2.3 20 74,213 Cutter suction dredging 



       



Railcars, RU 19, 
RA-F  



2,000 25 –d 120 to P4 300,000c Mechanical excavation 



       



Pond 3S, RU 22b, 
RA-C 



1,070 10 1.2 20 38,720 Cutter suction dredging 



       



Pond 5S, RU 22b, 
RA-C 



1,000 10 1 20 32,267 Cutter suction dredging 



       



Pond 4S, RU 22b, 
RA-C 



790 10 0.8 20 25,813 Cutter suction dredging 



       



Pond 10S, RU 22b, 
RA-C 



390 10 1 20 32,267 Cutter suction dredging 



       



Pond 2S, RU 22b, 
RA-C 



100 10 0.8 20 25,813 Cutter suction dredging 



       



8S material, RU 13, 
RA-C 



60 0.25 3.6 23 66,630 Mechanical excavation 



       
Pond 1S, RU 22b, 
RA-C 



30 1 0.5 20 16,133 Cutter suction dredging 



       



Railroad swale, 
RU 22b, RA-C 



10 1 2.4 14 54,208 Mechanical excavation 



       



Subsurface pipes, 
throughout RA-B, 
RA-C 



Unknown Up to 
100 



– 10 – Mechanical excavation 



       



RU 19c, 21 buried 
railcars 



200–2,000 10–25 – 80–100 – Mechanical excavation, 
see Section 5.5.2  



 
a The criteria used for determining the most promising methods are presented in Tables 5-1, 5-2, and 5-3. 



b Rough estimate based on simple geometric calculation: area × depth to native soil. 



c From MWH (2010).  



d Dash means not applicable. 
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5.3 EX SITU TREATMENT TECHNOLOGIES 
 
 
5.3.1 On-Site Incineration 
 
 



5.3.1.1 Description 
 
 Incinerators are used for the treatment of both liquid and solid waste streams. As 
discussed in Section 5.3.7, full-scale incineration facilities are located throughout the United 
States. In addition, mobile, transportable incinerators are sometimes temporarily installed and 
operated at a given waste management site. There are a number of different types of incinerators, 
including these four: 
 



• Rotary kilns, 
 



• Fluidized-bed units, 
 



• Liquid injection units, and 
 



• Fixed hearth units.  
 
 The rotary kiln design is of interest for a number of reasons. Rotary kiln incineration 
systems are flexible, allowing liquids, solids, and sludge having wide variations in heating value 
to be treated simultaneously. A rotary kiln incineration system consists of four fundamental 
parts: (1) waste feed system, (2) combustion chamber, (3) solid residuals handling component, 
and (4) air pollution control component. Waste can be fed into the combustion component by 
diverse feed systems, such as ram feeders and sludge feed systems, or by liquid injection 
systems. The combustion component consists of a refractory-lined cylinder that is tilted at a 
slight angle. The combustion chamber rotates around its long axis during operations, causing the 
solids to move in a downgradient direction toward the exit of the kiln and into a solids/ash-
handling area. Air handling equipment is used to evacuate combustion by-products from the 
combustion chamber for treatment (potentially in a secondary combustion chamber) and in air 
pollution control equipment. 
 
 



5.3.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC acknowledged that incineration technology is potentially applicable to P4 waste 
(MWH 2009, 2010). Using on-site incineration as an ETT for the volume of waste found in 
historical ponds would have to be preceded by one or more of the ancillary technologies 
discussed in Section 5.2. Because dredged historical pond residuals would be saturated or nearly 
saturated, dredged waste residuals would probably need to be at least partially dewatered prior to 
the waste feed process. Partially dewatered waste and any excavated soil would have a low 
British thermal unit (Btu) value and would require large amounts of energy to ensure incineration 
occurs at design temperatures. Incineration would result in the release of large amounts of carbon 
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dioxide, a greenhouse gas. Waste residuals would need to be physically preprocessed (crushed, 
ground, etc.) and blended to suit the waste acceptance criteria (WAC) required for optimal 
operation of the incinerator technology. 
 
 Thermal technologies such as incineration have been designated as at least one of the 
recommended technologies that could be used to deactivate RCRA characteristics, such as 
ignitability (D001) and reactivity (D003), prior to land disposal. The LDR treatment standards 
were promulgated to provide protections should any hazardous waste be destined for land 
disposal. As a result, the awareness of a recommended technology like incineration that is meant 
to achieve a protective standard prior to land disposal informs the consideration of ETTs in this 
report. Excavating residuals from the historical ponds would trigger the LDRs, since the 
residuals would likely be considered hazardous because of D001 and/or D003 characteristics. 
Since incineration is listed as a recommended technology for deactivating the noted RCRA 
characteristics, incineration is applicable for consideration as an ETT. 
 
 Incineration technology has a fairly extensive track record. Transportable rotary kiln 
incinerators have been used at a number of national and international sites. Since 1982, on-site 
incineration has been used as a treatment technology at a Superfund site more than 40 times 
(EPA 2013). No mobile, transportable incinerator investigated by Argonne was used to treat 
P4-containing waste. However, on-site incineration at the Bayou Bonfouca Superfund site in 
Slidell, Louisiana, did require the dredging and dewatering of sediment prior to incineration. 
Approximately 165,000 yd3 of sediments contaminated with polyaromatic hydrocarbons were 
treated in a rotary kiln incinerator at a rate of approximately 25 tons/hr (EPA 2001). The 
volumes of the treatment residuals (165,000 yd3 at Bayou Bonfouca and 500,000 yd3 in the 
historical ponds) are comparable in terms of scale. The fact that sediment was dredged and 
dewatered prior to incineration makes the incineration history at Bayou Bonfouca somewhat 
analogous to how the historical ponds would need to be addressed, and it demonstrates the 
feasibility of dredging, dewatering, and then incinerating a waste stream. 
 
 In addition, a rotary-kiln-type design appears to be particularly applicable for treating 
residuals containing P4 in the historical ponds. There are at least two examples of rotary-kiln-
type incinerators being used to treat the P4 contained in military munitions. 
 
 Spreewerk Lubben (in situ leaching or ISL) operates what is referred to as an Army 
peculiar equipment (APE) rotary kiln incinerator that is used to decharacterize munitions 
containing white phosphorus (Spreewerk 2007). Figure 5-10 depicts the APE incinerator in 
Lubben, Germany. The system includes a conveyor feed system, afterburner, and slurry feed 
system with thick wall retort sections. It reportedly meets stringent German environmental 
standards and North Atlantic Treaty Organization safety regulations. 
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FIGURE 5-10 Spreewerk Lubben (ISL) Rotary Kiln Incinerator (Source: Wilkinson and 
Watt, 2006) 
 
 
 Since approximately 1989, the Army has operated a modified rotary kiln furnace to 
process white-phosphorus-containing military munitions. The facility has the capacity to process 
11,500 lb of white phosphorus per day. The APE design provides for the collection and 
modification of heated vapors, thereby allowing for the production of 48,000 lb of 
75% concentrated phosphoric acid. The efficient, state-of-the-art system provides for removing 
the hazards associated with elemental phosphorus while repurposing the phosphorus as 
phosphoric acid that can be used in downstream manufacturing operations (Howell 2014; Rainey 
and Zaugg 1990). 
 
 Bench-scale and/or pilot-scale studies might have value with regard to implementing this 
ETT. Studies might be needed to determine the optimum incinerator waste acceptance criteria in 
terms of parameters like percent moisture, percent P4 content, waste size, etc. Studies might also 
be needed to determine whether phosphoric acid recovery is economically and technically viable, 
and, if it is, how to identify and divert the recoverable P4 stream from all the residuals generated 
by the excavation ETT. Studies might also be required if or whether incinerator residuals can 
achieve the RCRA universal treatment standards (UTSs). 
 
 



5.3.1.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-11. 
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TABLE 5-11 On-Site Incineration Based on ET Review Parameters 



 
Review and Evaluation Parameter On-Site Incineration 



 
Process maturity 



 
Mature, with full-scale systems designed to treat white-phosphorus-
containing military munitions in operation. 



Limitations • The parameter discussion for excavation technology in 
Section 5.2 applies.  



• Stakeholder acceptance for on-site incineration, on-site disposal 
of incinerator residuals, or transport of incinerator residuals off 
site would be required. 



• Feed materials would require dewatering and blending to meet 
moisture and other incinerator WAC; the higher the moisture 
content, the higher the energy requirements.  



• Incinerator by-products (ash, slag, emissions, wastewater) would 
require additional treatment.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



The time needed to plan for ancillary technology and excavation 
support and handling incinerator by-products is estimated to be 1 year. 
The time needed to incinerate waste is estimated to be more than 
10 years. 



Effectiveness of removing and/or treating 
P4 on site 



• The technology is considered to be effective at removing P4 risks.  
• Incineration alone would not be likely to address underlying 



constituents (UCs).  
• Post-incineration residual conditioning (PIRC) would be required 



for UCs.  
• A CAMU, a CERCLA disposal site, or an off-site disposal site 



would need to meet the disposal site’s WAC, including the criteria 
related to the waste’s naturally occurring radioactive material 
(NORM) content, if applicable. 



Process safety for site workers during 
implementation 



The parameter discussion for excavation technology in Section 5.2 
applies. For ancillary technology and incineration, moderate risks 
would be mitigated by project planning and the regulatory 
environment.  



Community health and safety during 
implementation 



• The parameter discussion for excavation technology in 
Section 5.2 applies.  



• For incineration alone, risks would be low to moderate.  
• For PIRC, it is assumed risks would be low.  
• Risks might be created from transporting incinerator residuals off 



site by truck or by rail. 
Impacts to the environment during 
implementation 



• The parameter discussion for excavation technology in 
Section 5.2 applies. 



• For incineration or PIRC, impacts on soil would be minimal. 
Incinerator air emissions might be comparable (in terms of risk) 
with emissions that occurred when the Pocatello plant was 
operating. 
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TABLE 5-11 (Cont.) 



 
Review and Evaluation Parameter On-Site Incineration 



  
• Permit requirements would tend to mitigate the impact of 



emissions to air or surface water.  
• Any treated wastewater could be reused for ancillary technology. 



Post-implementation impacts on the 
environment and the community 



The parameter discussion for excavation technology in Section 5.2 
applies. The P4-associated risks would be removed within the areas 
that could be excavated. The remediated footprint could be 
repurposed. 



Overall discussion of advantages and 
disadvantages  



Advantages would be as follows: 
• The process is mature. 
• The reactivity and ignitability components could be removed. 
• Phosphorus could be reclaimed and marketed as phosphoric 



acid. 
• Incinerator residuals could be disposed of on site in a CAMU 



without treatment or in a non-CAMU with treatment.  
 
Disadvantages would be as follows: 



• It might be difficult to gain regulatory and public acceptance 
of the on-site incineration technology. 



• It might be difficult to gain stakeholder acceptance if 
incinerator residuals have to be transported on 
public roads for off-site land disposal. 



• Incineration residuals would require treatment to achieve 
LDRs (if the waste were to be disposed of at a non-CAMU 
facility on site). 



• The NORM content of the incineration residuals could limit 
or preclude the use of off-site disposal sites. 



 
 



5.3.1.4 Overall Likelihood of Success at FMC 
 
 The likelihood of achieving success at the former FMC plant would depend on several 
factors, including these: 
 



• Public acceptance of and regulatory approval for constructing and operating a 
mobile incinerator;  



 
• Being able to design and operate an excavation technology, ancillary 



technologies, and stage accumulated dredged materials so that incinerator 
WAC could be achieved; and 



 
• The fate of waste residuals from the incinerator. Public acceptance is needed 



to dispose of waste on land on the former FMC plant grounds or to allow 
incinerator residuals to be transported from the former FMC site to an off-site 
disposal facility. 
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 If stakeholder acceptance was obtained and if regulatory approval was granted, this ETT 
would have a moderate to high chance of achieving success at the former FMC plant. The 
maturity of the process suggests that the technology could readily remove the ignitability and 
reactivity components associated with the P4 waste. If the P4 present could be recovered and 
re-purposed as phosphoric acid, and if the decharacterized waste residuals from the incinerator 
could be disposed of in a CAMU on site, the ETT would probably have a high chance of success. 
 
 
5.3.2 Drying/Mechanical Mixing with Containment 
 
 



5.3.2.1 Description 
 
 In July 1986, in Miamisburg, Ohio, a railroad tank car containing 12,000 gal of liquid P4 
(approximately 40,000 L, 170,000–175,000 lb) derailed and burst into flames next to Bear Creek, 
a stream leading to the Great Miami River. The P4 within the railcar was covered with 2,500 lb 
of water to preclude oxidation, and the car was maintained at a constant 45°C to keep the P4 in a 
liquid state during transport. As a result of the derailment, the railcar was compromised, and both 
the P4 and the water overlying it were released to the environment (Scoville et al. 1989). 
 
 The initial emergency response effort was quite extensive, involving evacuations, fire-
fighting equipment, the Ohio Environmental Protection Agency, the Ohio governor’s office, the 
Miamisburg city manager and staff, federal agencies, police, hazardous materials specialists, air 
monitoring crews, SMEs, and a number of emergency support groups. Initially, fire and 
emergency response crews tried to put out the fire, but eventually, the railcar was moved to a 
more isolated area where the fire was allowed to burn itself out. It took more than five days for 
the fire to subside (State of Ohio Disaster Services Agency 1986). 
 
 It was estimated that several thousand gallons of P4 escaped into the surrounding soil and 
stream sediments. In addition, copious amounts of water were used to try to blanket the P4 and 
limit further oxidation (Scoville et al. 1989). While this water helped to minimize the amount of 
smoke and particulates that escaped from the response area, it is likely that it also increased the 
amount of media contaminated with P4. 
 
 P4-containing soil and stream sediment were removed and treated by exposing the 
sediment to the open air on bermed asphalt pads that were specially built to treat the 
P4-containing soil and sediment. Each pad was approximately 2,000 m2 (about 0.5 acre), and the 
contaminated soil and sediment were placed on each pad to a depth of 15 to 20 cm 
(Scoville et al. 1989). 
 
 The soil and sediment were first passed through a sorting machine to remove rocks and 
thereby minimize damage to the equipment being used to cultivate the contaminated soil and 
sediment. After the sediment was placed on the pads, tractors with cultivator disks were used to 
turn it so the P4 would be constantly exposed to the air, thus increasing the rate of oxidation. The 
soil and sediment were also heated by propane heater blowers attached to the rear of the tractor, 
and hydrogen peroxide was used to enhance oxidation (Scoville et al. 1989). 
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 The soil and sediment were treated for a period of 12 to 24 hours — the amount of time 
needed to reduce the P4 to less than 10 mg/kg. It was determined that the material would no 
longer be ignitable once the P4 was reduced to concentrations of less than 10 mg/kg in the 
material. Estimates were made that 7,500 yd3 of soil and sediment were treated over a period of 
approximately 12 weeks (Scoville et al. 1989). 
 
 In addition to open-air drying/mechanical mixing, a number of other remediation 
alternatives were also considered. These included the following: 
 



• Reaction of the P4 by heating the soil and sediment in a modified asphalt 
drier, 



• Oxidation of the P4 by adding hydrogen peroxide to the soil and sediment, 
 



• Physical separation of the P4 from the soil and sediment by heating the 
mixture to the P4 melting point, and 



 
• Reaction of the P4 by exposing the soil and sediment to air on a pad enclosed 



within a containment structure. 
 
 Based on evaluations of feasibility, cost effectiveness, and time constraints, the open-air 
drying/mechanical mixing approach was selected. Although the cultivation operation could have 
been conducted under a containment structure, emissions of reaction products to the open air 
were kept to allowable levels (i.e., <0.02 mg/m3 of phosphoric acid). Work was curtailed, 
however, when the direction of the wind was toward the closest houses. Work was conducted 
only during daylight hours (Scoville et al. 1989). 
 
 The Miamisburg incident and the resulting remediation effort were the basis for 
considering drying/mechanical mixing with a containment option for application to FMC. 
 
 The use of a containment structure was optional because, as was the case for the 
Miamisburg remediation, FMC might be able to conduct this type of operation in the open air 
and still meet emission requirements. Argonne notes, however, that it might be more difficult for 
the EPA to approve an open-air option and for the public to accept it. This possibility is 
especially likely when the proximity of Highway 86 and other infrastructure to the FMC site is 
taken into consideration. However, if FMC could demonstrate that the operation can be 
conducted safely, with emissions being below acceptable levels in open air, this option could be 
considered further. An additional advantage of employing a containment structure would be its 
ability to keep “the elements” away from the treatment area. In this manner, added precipitation 
could be precluded, and operations would not be affected by temperature extremes or the 
direction or speed of the wind. 
 
 Use of a containment structure during P4 remediation was applied at a P4 site located 
outside Tarpon Springs, Florida (EPA Region 4 2013). In this case, the containment structure 
was referred to as a “tent,” so it might not have been an airtight structure. 
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 The type of containment structure Argonne is suggesting for this particular option is 
depicted in Figure 5-11. The containment structure could be built over an impervious pad, such 
as the pad used at the Miamisburg site, or it could be situated on the ground surface itself. If it is 
placed over an impervious pad, a portion of the area under the structure could consist of a 
remediation parcel, and the other portion could be reserved for the impervious surface. 
 
 These types of containment structures can be built in various sizes and are in common 
use in some industries. For example, similar devices have been used for years for remediating 
sites that contain chemical weapons or that are contaminated with chemical warfare agents 
(National Research Council 2012). 
 
 Furthermore, these structures could be equipped with an off-gas treatment system in 
order to meet requirements for emissions before the exit into the environment. Also, a negative-
air-pressure system could be used in tandem with the emissions control to continually draw 
contaminated air above the treatment surface and into the off-gas treatment system. Air monitors 
could be placed in designated locations within the structure to help establish worker protection 
requirements and select appropriate PPE. In addition, special lighting could be employed inside 
the structure to help deal with the limited vision associated with off-gassing from 
P4-contaminated materials. Lighting would also allow for 24-hour operation if it was needed. 
Fans could be used to draw emissions from the contaminated media into the off-gas treatment 
system more quickly; this too could help improve vision within the structure. Another option — 
automated tractors with disking equipment, which are often used in farm applications — could 
be employed to limit the need for personnel to work inside the structure. Finally, the inside 
 
 



 



FIGURE 5-11 Example of Containment Structure (Source: Mahaffey 
Fabric Structures 2015) 
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environment of the structure could be air conditioned to maintain the temperature below that 
which would cause P4 to spontaneously ignite or oxidize. 
 
 In addition, this type of structure is considered transportable; it could be moved from 
location to location as remediation is completed at one portion of the site and started at another. 
This might be the ideal situation for FMC, considering the difficulties involved in minimizing 
oxidation if contaminated media were to be transported from one location on site into the 
containment structure instead of being treated under the structure at the point of extraction. 
Multiple containment units could also be employed, as deemed appropriate, to speed the 
remediation effort. 
 
 The drying/mechanical mixing with a containment option could also be combined with 
some type of on-site disposal for residuals that remained after treatment and contained heavy 
metals or other underlying constituents that did not meet LDR treatment standards. For example, 
residual solids might be disposed of on site as part of the CERCLA remedy, or they might be 
placed on site in a RCRA CAMU. On-site disposal is discussed further in Section 5.4.1. 
 
 



5.3.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The drying/mechanical mixing with a containment option is applicable to the FMC site. 
Ideally, the P4 in soil and debris with high P4 concentrations could be recovered (e.g., in 
material with 1%–10% and higher P4 concentrations). Residuals with P4 concentrations that are 
less than the low percentage levels (including residuals left over from treatment to remove 
recoverable P4) might be most suitable for this treatment option. The added advantage of not 
subjecting soil and debris with higher percentage level concentrations of P4 to this treatment 
option is that soil and debris with these concentrations could burn or smoke excessively, making 
worker conditions difficult or dangerous. 
 
 Open-air drying/mechanical mixing was shown to be successful at the Miamisburg, Ohio, 
site. Application of this technology under a containment structure (tent) for P4 remediation was 
shown to be successful at the Stauffer chemical site in Florida. 
 
 While drying/mechanical mixing with and without a containment structure have been 
applied successfully in the past, bench-scale and pilot-scale studies would be helpful. Bench-
scale testing could help, for example, in determining whether the technology could be applied 
safely and meet air emission requirements at FMC without a containment structure. Furthermore, 
these studies could be employed to evaluate other factors like these: 
 



• Ideal ranges for P4 concentrations, 
 



• Utility of using heat to enhance oxidation (as employed at the Miamisburg 
site), 



 
• Utility of using oxidants such as hydrogen peroxide to enhance oxidation (as 



employed at the Miamisburg site), 
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• Throughput, 
 



• Working conditions (potential for fires and visibility issues), and 
 



• Appropriate levels of PPE. 
 
 If it can be shown during bench- and pilot-scale testing that drying/mechanical mixing 
can be done safely without a containment structure, the remediation effort would likely be more 
efficient and less costly. 
 
 Another item mentioned above is throughput. To use this technology, it would be 
important to be able to estimate how much time would be needed to treat soil and residuals that 
contained optimal P4 levels. At the Miamisburg site, it is estimated that 7,500 yd3 of soil and 
sediment were treated over a period of about 12 weeks (Scoville et al. 1989). At this rate, and 
considering that the FMC site would contain much larger amounts of P4-contaminated soil and 
debris that could be amenable to this technology, treatment could take many years at the FMC 
site. However, multiple units could be employed, as could options that might increase the 
reaction rates. Bench- and pilot-scale testing might be especially helpful for estimating 
throughput. 
 
 



5.3.2.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-12. 
 
 



5.3.2.4 Overall Likelihood of Success at FMC 
 



The overall likelihood of success of the drying/mechanical mixing with containment 
option appears to be favorable. This technology has been applied previously at a P4 rail spill site 
in Miamisburg, Ohio (without a containment structure), and it has been used at the Stauffer 
Chemical P4 remediation site outside Tarpon Springs, Florida (with a containment structure). 
 



This technology would likely be effective for soil and debris containing a relatively low 
amount of P4. The EPA, Region 9 RSL for an industrial setting for P4 is 23 mg/kg. The 
23-mg/kg level could be considered the target level for treatment of P4 soil and debris. This 
technology would likely not be desirable for soil and debris containing moderate to large 
amounts of P4, due to potential for large fires and excessive emissions that could result in low 
visibility and possibly exceedances of emission requirements. The upper limit for P4-containing 
soil and debris using this ETT is estimated to be between 1,000 and 10,000 mg/kg, perhaps up to 
100,000 mg/kg. The upper limit concentration should be evaluated during bench-scale and pilot-
scale testing to determine the optimum upper level concentration of P4 that would be amenable 
to this type of treatment. 
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TABLE 5-12 Drying/Mechanical Mixing with Containment Option Based on ETT Review 
Parameters 



 
Review Parameter Drying/Mechanical Mixing with Containment Option 



 
Process maturity 



 
• Drying/mechanical mixing (open-air oxidation) was applied at a 



P4 train derailment site in Miamisburg, Ohio, in 1986, with 
acceptable results. No containment structure or emission controls 
were used, and the result was that “smoke” was released to the 
environment. Emission requirements were met by limiting 
operations to specific weather conditions. 



• Although the drying/mechanical mixing process has not been used 
recently, it is considered a full-scale technology. However, bench-
scale or pilot-scale testing might be helpful in establishing 
operating conditions. 



Limitations • The primary impediment associated with this method is that it 
would be limited to contaminated media with P4 concentrations 
between 23 and 1,000 mg/kg up to 10,000 mg/kg or possibly even 
higher (approaching 100,000 mg/kg). This technology is not 
recommended for highly concentrated P4 soil and debris. 



• Another limitation is that the process might require prior sorting 
of contaminated media to remove large rocks or similar materials, 
since these can damage mechanical mixing equipment. 



• A further limitation is that the process would require large areas 
for application (e.g., up to possibly 0.5 acre or more). 



• Residuals from drying/mechanical mixing would require 
additional waste treatment to comply with RCRA LDRs, or they 
could be managed in an on-site CERCLA landfill or in a RCRA 
CAMU. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with treatment (for the more 
concentrated P4 levels), and a disposal ETT. 



Time to implement (not including 
permitting and approvals) 



• If a football-field-sized plot was used (e.g., 50 × 100 yd), and if 
the contaminated media depth was 5 to 8 in., and if it took 
24 hours to reduce the P4 concentration to less than 23 mg/kg, and 
also if the long lead times for site and materials preparation and 
removal of treated media were considered, about 22,500 ft3 of 
media could be treated every 5 to 7 days. 



• The time needed for implementation would depend on the total 
amount of contaminated media within the range of 
P4 concentration between 23 and 1,000 mg/kg and possibly up to 
10,000 mg/kg or higher. 



Effectiveness of removing and/or treating 
P4 on site 



• The process might be able to be enhanced through the use of 
various oxidants. For example, hydrogen peroxide was applied at 
the 1986 derailment site to increase P4 oxidation rates. 



• Drying/mechanical mixing would be effective in reducing 
P4 concentrations to less than 23 mg/kg. 



• Residuals would need to meet RCRA LDRs, or they could be 
managed in either a RCRA CAMU or a CERCLA landfill or sent 
to off-site disposal. 
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TABLE 5-12 (Cont.) 



 
Review Parameter Drying/Mechanical Mixing with Containment Option 



 
Process safety for site workers during 
implementation 



 
• The safety risk for drying/mechanical mixing could be considered 



moderate to high. 
• Appropriate engineering controls and PPE might bring worker 



risks to acceptable levels. 
Community health and safety during 



implementation 
• The health risk to the community from this process could be 



considered moderate. The health risk would be low if a 
containment device were employed. 



• Appropriate engineering controls (e.g., an airtight sprung structure 
over a remediation site with emission controls) might facilitate 
community acceptance. 



Impacts to the environment during 
implementation 



• Open-air drying/mechanical mixing would have a moderate to 
high impact on the environment, even if air emission requirements 
could be met. 



• A properly constructed and operated drying site with containment 
would have minimal impacts to soil, surface water, and 
groundwater.  



Post-implementation impacts on the 
environment and the community 



Assuming that all contaminated P4 materials that were in the range of 
23 to 1,000 mg/kg and possibly up to 10,000 mg/kg or higher were 
treated in the drying/mechanical mixing process, post-implementation 
impacts would be limited to any waste residuals that were left behind 
(e.g., in an on-site CERCLA landfill or a RCRA CAMU). 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• It is a proven technology, although it has not been used 



recently. 
• It employs a simple design and is easily understood. 
• It could remove most of the P4 from moderately 



contaminated media in the 23 to 1,000 mg/kg and possibly up 
to 10,000 mg/kg or higher. 



• If a containment structure was employed, gases emitted 
during treatment would be collected and passed through 
emission controls prior to their release. 



• It is anticipated that public approval would be favorable. 
 
The disadvantages are as follows: 



• It could be applied only to moderately contaminated media. 
• The media would require a significant amount of preparation 



(e.g., sorting to remove large rocks). 
• It would require long lead times before the actual treatment in 



order to prepare the media and the plot and would also 
require long times after the treatment to remove the treated 
media. 



• Waste residuals would require further treatment to meet 
RCRA LDRs; they could be managed in a CERCLA landfill 
or in a RCRA CAMU. 



• The cost would be high relative to the cost of cap and cover 
options. 
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5.3.3 A&W Mud Still Batch Process 
 
 



5.3.3.1 Description 
 
 The A&W mud still is basically a batch distillation process wherein P4-containing 
materials are placed in a metal container and heated to drive off water and recover P4. The A&W 
process was patented in 1978 and has been used to treat P4-containing materials at three 
facilities. One primary advantage of the mud still over other technologies is that the still can 
handle monolithic chunks (e.g., slag, rocks) as long as they can fit into it. Hence, the mud still 
would not require prior mechanical sorting or grinding to reduce the size of the chunks to be 
treated unless they were very large (Franklin Engineering Group 2007). Another salient attribute 
of the mud still is that it is a recovery process, so the P4 can be recovered and sold as product. 
 
 Operation of the mud still is actually fairly simple. P4-containing materials are loaded 
into the still, which is then gradually heated to a temperature of 1,112°F. The P4 is driven off at a 
temperature of 522°F. Red phosphorus is driven off as the temperature approaches 1,112°F. The 
P4 is condensed and concentrated, and although it contains some impurities, it can be sold as 
product. Noncondensible gases, including PH3, H2, and N2 are thermally treated, and scrubbers 
are used to reduce particulate emissions. After it cools down, the recovered P4 is removed and 
the still is emptied of residuals and then reloaded with another batch of raw material. The process 
for a single batch can take 20 to 30 hours (Franklin Engineering Group 2007). 
 
 Use of the mud still has been studied extensively at the Silver Bow RCRA site located 
outside Butte, Montana (Franklin Engineering Group 2007, 2011, 2012; Barr 2014). The mud 
still that was tested at the Silver Bow site was fabricated in order to test the mud still concept. It 
consisted of a section of 24-in. Schedule 40 stainless steel pipe, with a flat plate for a bottom and 
a stainless steel flange at the top for attaching a lid. The lid was also equipped with an agitator to 
promote heat transfer and improve efficiency. Once filled, the still assembly was placed inside an 
electric furnace, where heating occurred. The design capacity for the device used during the 
treatability study was about 3 ft3 of clarifier material (Franklin Engineering Group 2012). 
 
 The Silver Bow site is similar to FMC in many respects. Owned initially by Rhodia Inc., 
the site smelted slag and produced P4. It started operations in the early 1950s and closed them in 
1997. The site was subject to RCRA corrective action (cleanup requirements) via a RCRA 7003 
Order that was issued in 2000. Rhodia conducted extensive work to comply with the 7003 Order. 
In 2011, Solvay S.A. acquired Rhodia, and Rhodia, Inc., became a member of the Solvay Group 
(Barr 2014). 
 
 The clarifier at the former Rhodia, Inc., phosphorus manufacturing facility in Silver Bow, 
Montana, contains phosphorus-rich waste. The clarifier is 100 ft in diameter, 12 ft deep, and 
open-topped, and it contains about 500,000 gal of phosphorus solids. The P4 contained in the 
solids is estimated to be about 20% by volume. The remaining material in the clarifier consists of 
water and solids, including phosphate, coke, and silica dust (Franklin Engineering Group 2007, 
2011, 2012; Barr 2014). 
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 Noncondensible gases produced by the mud still, including phosphine, hydrogen, and 
nitrogen, would be treated in a thermal oxidizer, and scrubbers would be installed to remove 
particulates. Permitting of the unit under Clean Air Act requirements would thus be necessary. 
 
 Residual solids remaining in the still after treatment would be collected and disposed of. 
The solids are subject to the RCRA regulations. Although the residual solids would no longer 
exhibit the RCRA characteristics of ignitability and reactivity (because P4 would have been 
driven off), they might contain heavy metals. Therefore, the residual solids might require 
additional treatment to meet RCRA LDR requirements (Franklin Engineering Group 2007). 
 
 In lieu of treating the mud still residuals to meet LDR requirements, the A&W mud still 
technology could also be combined with some type of on-site disposal to deal with residuals that 
remained after treatment and contained heavy metals or other underlying constituents that did not 
meet LDR treatment standards. For example, Solvay is proposing to manage the residual solids 
on site after treatment by using the mud still in a RCRA CAMU. On-site disposal is discussed 
further in Section 5.4.1. 
 
 The A&W mud still is likely to be chosen as the technology to treat the material in the 
Solvay clarifier. Solvay has indicated that the P4 that is recovered from the mud still could be 
used at some of its other facilities. Further, Solvay has indicated in the February 2014 Draft 
Supplemental Waste Report (P42) (Barr 2014): 
 



Future Commercial Operations – This facility could serve as a viable commercial 
P4 recovery facility for managing similar materials from other elemental 
phosphorus facilities. If Solvay decides to pursue commercial operations, then 
RCRA permitting pertaining to storage of hazardous waste might be required, and 
Solvay would obtain any required permit. 



 
 The mud still has been tested extensively at the Silver Bow site and shown to be a viable 
option for treating the material in the clarifier and recovering P4 (Franklin Engineering Group 
2011, 2012 ). A simplistic flow diagram of the mud still process is depicted in Figure 5-12. A 
photograph of the mud still in operation at the Silver Bow site is shown in Figure 5-13. 
 
 



5.3.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The A&W mud still is directly applicable to FMC soil and residuals that contain P4. 
During the Silver Bow treatability study testing, however, it was learned that the process could  
be especially well-suited for certain types of soils and residuals. The FMC Phase 3 treatability 
study report (Franklin Engineering Group 2012) states: 
 



Mixtures of clarifier feeds that are high in phosphorus and high in residual solids 
are more difficult to treat using this process. These types of feeds result in run 
times of excessive length, appear to cause excessive boiling and scaling of residual 
solids on the walls of the still, and unless left for an excessively long time can 
leave residues contaminated with elemental phosphorus. Because of this issue, 
some material in the clarifier may not be amenable to treatment using the still.  
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FIGURE 5-12 Flow Diagram of Mud Still Process 
(Source: Franklin Engineering Group 2007)  



 
 



 



FIGURE 5-13 Mud Still in Operation (Source: Franklin  
Engineering Group 2012) 
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 From these words, one could conclude that soils and residuals that contain high amounts 
of solids and P4 might not be directly amenable to treatment in the mud still. Some preparation 
of the soil and residuals might be needed to ensure that materials placed in the mud still could be 
successfully and efficiently treated. Since it is likely that some of the soil and residuals present at 
FMC might need to be excavated and pumped to treatment facilities, the material introduced into 
the mud still would likely have a reasonable amount of water added in order to improve 
consistency and flow and minimize oxidation. This could afford an opportunity to pre-prepare 
materials before their emplacement in the mud still. 
 
 Moreover, soil and residuals excavated from the FMC site that contain high amounts of 
P4 should perhaps not be treated in the mud still. Highly concentrated soils and residuals 
(e.g., those containing 60%–70% P4 or more) might be able to be containerized, shipped, and 
treated as product material. In essence, the excavation of soil and residuals with high amounts of 
P4 might be considered more of a mining operation than a remedial operation, resulting in a 
product and not a waste material. 
 
 Similarly, soil and residuals excavated from the FMC site that contain low amounts of 
P4 (e.g., more than 23 mg/kg and up to low percentage levels) might also not be ideal for 
treatment in the mud still. Soils and residuals with low P4 concentrations might make the mud 
still operations inefficient. This possibility has yet to be evaluated, because clarifier materials 
tested during the treatability study at Silver Bow contained P4 at approximately 20% by volume. 
Materials with low levels of P4 were not tested at the Silver Bow site. Hence, if the mud still 
were to be considered further for FMC, bench-scale and/or pilot-scale studies would be useful 
for determining the optimal range in feed materials with respect to FMC soil and debris and 
P4 concentrations. 
 
 Bench-scale studies would also be helpful in determining throughput, including 
throughput as a function of P4 and solids loading. As indicated above, the design capacity for the 
device used during the treatability study was about 3 ft3 of clarifier material, and it took 20 to 
30 hours to complete treatment of a single batch (Franklin Engineering Group 2012). While it is 
likely that a commercial-scale unit would have a higher capacity and also perhaps operate more 
efficiently, throughput would nevertheless be limited. Throughput would need to be examined 
and evaluated against other viable technologies. 
 
 Note also that even though it is uncertain, it is likely that a mud still will be employed at 
the Silver Bow site. A number of other alternatives, including capping and off-site incineration, 
were evaluated, but it appeared that the mud still has some distinct advantages over those 
alternatives. Most notable is its ability to recover much of the P4 and use it as product. No other 
alternative that was explored offered this advantage. 
 
 The timing of decisions at the Silver Bow site is also uncertain. Should a decision be 
made to use the mud still at Silver Bow, a production-scale unit would need to be designed and 
built. Also it is likely that a pilot-scale facility would need to run prior to full-scale application. It 
could be several years after a decision was made on Silver Bow before the facility would begin 
to treat waste materials. Nevertheless, it would be highly advisable, if the mud still is an 
acceptable alternative for FMC, to put off a final decision for FMC until after the mud still has 
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operated at Silver Bow for some time. The stakeholders at FMC could then benefit from 
observing progress, issues, and possible success at Silver Bow and use the knowledge as input 
when making a decision on whether to employ the mud still at FMC. 
 
 



5.3.3.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-13. 
 
 
TABLE 5-13 Assessment of A&W Mud Still Based on ETT Review Parameters 



 
Review Parameter Batch Mud Still 



 
Process maturity 



 
• The mud still process was patented in 1978 (A&W mud still). 



A batch mud still process has been used at three facilities for 
P4 sludge treatment. A three-phase treatability study for the 
mud still was conducted for the Silver Bow site in Montana. 



• The process requires significant upgrades for a commercial-
scale unit. 



• The batch mud still process is considered a pilot-scale 
technology. 



Limitations • The primary impediment associated with the batch mud still 
process is low throughput. Applying the pilot-scale unit to 
treat the material in the Silver Bow clarifier (500,000 gal) 
would take more than 100 years. The FMC materials that 
require treatment are much larger than the materials in the 
Silver Bow clarifier.  



• Another limitation of the batch mud still is that mixtures of 
waste feeds that are high in P4 and high in residual solids are 
more difficult to treat. 



• Application to mostly solid materials (e.g., soils and slags) is 
unproven. Water might need to be added to solids to facilitate 
distillation. 



• Using the batch mud still to treat materials with less than 
1,000 mg/kg of P4, or possibly even less than 10,000 mg/kg, 
would probably be inefficient. 



• Liquid effluent and solid residuals from batch mud still 
operation would require additional waste treatment to comply 
with RCRA LDRs, or they could be managed as part of an 
on-site CERCLA remedy or a RCRA CAMU. 



• The batch mud still process requires significant scale-up from 
go from pilot scale to full scale. 



• The NPV estimate for Alternatives 5 through 7 in the 
September 2010 Proposed Plan would be a comparable OOM 
estimate to implement this ETT in conjunction with an 
excavation and disposal ETT. 
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TABLE 5-13 (Cont.) 



 
Review Parameter Batch Mud Still 



 
Time to implement (not including 
permitting and approvals) 



 
• Applying the pilot-scale unit to treat the material in the Silver 



Bow clarifier (500,000 gal) would take more than 100 years. 
The FMC materials requiring treatment are much larger than 
the materials in the Silver Bow clarifier. 



• Operating larger-batch units or a number of units in tandem 
could significantly increase throughput. 



Effectiveness of removing and/or 
treating P4 on site 



• The batch mud still could be highly effective in removing 
P4 from waste materials. 



• Recovered P4 could be sold as product. 
• Residuals would need to meet RCRA LDRs, or they could be 



managed in a CAMU or as part of an on-site CERCLA 
remedy, or they might be sent off site for disposal. 



Process safety for site workers 
during implementation 



• The process safety risk for the batch mud still process could 
be considered moderate to high. 



• Appropriate engineering controls and PPE might bring 
worker risks to acceptable levels. 



Community health and safety during 
implementation 



• The process health risk for the community for the mud still 
process could be considered moderate. 



• Appropriate engineering controls (e.g., an airtight sprung 
structure over the remediation site, with emission controls) 
might bring the community risk to acceptable levels. 



Impacts to the environment during 
implementation 



• A properly constructed and operated batch mud still process 
would have minimal impacts on soil, surface water, and 
groundwater. 



• The batch mud still process would generate air emissions of 
potentially toxic gases. 



• Air releases of toxic gasses from the batch mud still process 
could be controlled with off-gas treatment or if the operations 
were performed under an airtight structure with emission 
controls. 



Post-implementation impacts on the 
environment and the community 



If all moderately to heavily contaminated P4 materials were 
treated in the batch mud still process, post-implementation 
impacts would be limited to any waste residuals that were left 
behind (e.g., treated to meet RCRA LDRs or managed as part of 
an on-site CERCLA remedy or in a CAMU). 



Overall discussion of advantages 
and disadvantages 



The advantages are as follows: 
• It is a proven technology through the pilot scale at 



present. 
• It can remove most of the P4 from on-site materials. 
• P4 generated during mud still batch treatment could be 



sold. 
• It is anticipated that public approval would be favorable. 
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TABLE 5-13 (Cont.) 



 
Review Parameter Batch Mud Still 



 
Overall discussion of advantages 
and disadvantages (Cont.) 



 
The disadvantages are as follows: 



• The batch mud still’s application to mostly solid 
materials (e.g., soils and slags) is unproven. 



• Throughput would be low unless larger or multiple units 
were applied. 



• Using the process to treat materials with less than 
1,000 mg/kg of P4, or possibly even less than 
10,000 mg/kg, would likely be inefficient. 



• Waste residuals would require further treatment to meet 
RCRA LDRs, or they could be managed as part of an 
on-site CERCLA remedy or in a CAMU. 



• The cost of the process is high relative to cap and cover 
options. 



 
 



5.3.3.4 Overall Likelihood of Success at FMC 
 
 The overall likelihood of success of the A&W mud still looks favorable. This technology 
has been applied previously at several sites, including a recent treatability study at the Silver 
Bow Site in Montana. This site is similar in several respects to the FMC site. Solvay has even 
suggested that the mud still might be able to be applied commercially for other P4 recovery 
operations. 
 
 However, it appears that there may be an optimal solids and P4 loading for materials that 
would be treated by the mud still. Whereas the technology would likely be effective with regard 
to soil and debris containing a moderate amount of P4, it might not be effective with regard to 
soil and debris containing moderately high or low levels of P4. As indicated in the Silver Bow 
Phase 3 treatability study, mixtures of clarifier feeds that are high in phosphorus and in residual 
solids are more difficult to treat by using this process. Soil and debris might, however, be 
pre-processed before being placed in the mud still to optimize its treatment potential. A 
significant amount of bench-scale and pilot-scale testing would likely be needed to determine 
optimal material feeds and operating conditions. 
 
 
5.3.4 Land Disposal Restriction Waste Treatment System (anoxic caustic hydrolysis, 



metals precipitation, filtration, stabilization) 
 
 



5.3.4.1 Description 
 
 The land disposal restriction (LDR) waste treatment system (WTS) is based on an anoxic 
process design. In general, lime and waste are combined under pressure in a heated reactor. 
Solids generated in the reactor are precipitated, filtered, and stabilized with additives. Exit gas 
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rich in phosphine and hydrogen is treated. The system was designed as an anoxic process that 
uses caustic hydrolysis under an elevated temperature and pressure. It was designed and built to 
handle soil and debris (wastes) generated by the then-active FMC plant.  
 
 The treatment system was also designed to treat about 113,400 gal/day of slurry dredged 
from Pond 18. Accumulated solids from Pond 18 that consisted of suspended solids at 3–8 wt% 
with P4 concentrations at 0–50 wt% were to be dredged and sent to a clarifier before being 
treated in the LDR WTS. The dredged slurry was to be sent to two lamella (inclined plate) 
clarifiers (referred to as an “inlet waste separator”) capable of producing an underflow slurry of 
20 wt%. Overflow was to be gravity-fed to a pond overflow collection tank. This tank was to be 
back-flushed to the pond during any pause in dredging to prevent the line from plugging. The 
underflow was heated in pond underflow slurry tanks to prevent temperatures from dropping 
below the temperature at which the phosphorus in the waste solid strainers would freeze (113°F).  
 
 The remainder of the LDR WTS plant consisted of the following unit operations: 
 



• Size reduction mill to control the size of waste feed from the waste solid 
strainers; 



 
• Reactor feed system consisting of three 6-hour storage tanks to provide for 



filling, testing, and feed equalization; 
 



• Reactor system consisting of two identical reactors designed to operate at up 
to 600 psig and 464°F;  



 
• Filtration system; 



 
• Wet filter cake stabilization system; 



 
• Residual management system consisting of roll-off boxes to allow residuals to 



be transported off site for disposal; the LDR WTS would have produced 
243 yd3 of residuals per day, or about 15 × 20 yd3 of roll-offs with soil and 
debris going to an FMC silica mine (Fyock 1999);  



 
• LDR WTS off-gas treatment system consisting of a thermal oxidizer system, a 



two-stage particulate scrubber system, a flare backup system, and a quench 
blowdown tank to remove accumulated solids and phosphoric acid; and 



 
• Phosphoric acid storage and loading system. 



 
 



5.3.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The LDR WTS is directly applicable to FMC. Bench-scale and pilot-scale studies using 
the technology have already been performed. A full-scale version of the LDR WTS was 
constructed at the FMC Pocatello site. The LDR WTS was designed and built specifically to treat 
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P4-containing solids and sediments present in the historical ponds. In particular, the design 
features that focus on the excavation, blending, dewatering, sizing, and treatment of residuals 
from Pond 18 seem to be directly applicable to the treatment of the waste present in the non-
RCRA historical ponds. 
 
 



5.3.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-14. 
 
 
TABLE 5-14 Assessment of LDR WTS (anoxic caustic hydrolysis, metals precipitation, filtration, 
and stabilization) Based on ETT Review Parameters 



 
Review Parameter LDR WTS 



 
Process maturity 



 
Mature, with a full-scale system designed and constructed, but never 
operated. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste could be excavated. 
• Waste acceptance would be needed. The feed materials would 



require dewatering and blending to meet moisture and other LDR 
WTS WAC.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



The amount of time is unknown; however, the LDR WTS was 
designed to treat Pond 18 residuals in 5 years (Haselberger 2000). 
Estimated time is 5 years for installation. Estimated time is 10 years for 
operations. 



Effectiveness of removing and/or treating 
P4 on site 



The LDR WTS is considered to be effective at removing P4 risks and 
treating residuals to address underlying constituents. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Risks for operating the LDR WTS are considered to be low to 
moderate and could be mitigated by design and regulatory controls. 



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Risks for operating the LDR WTS are comparable to the risks 
that existed when the FMC plant was operational. 



Impacts to the environment during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Impacts on soil and surface water would be minimal. Air 
emissions would be controlled, and they may be comparable (in terms 
of risk) to air emissions that occurred when the Pocatello plant was 
operating.  
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TABLE 5-14 (Cont.) 



 
Review Parameter LDR WTS 



 
Post-implementation impacts on the 
environment and the community 



 
The parameter discussion for the excavation technology in Section 5.2 
applies. With regard to P4 waste that could be accessed by excavation 
equipment, P4-associated risks from historical pond residuals 
(residuals located near the surface) would be removed. The remediated 
historical pond footprint could be reused as brownfield. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The water source needed for the excavation footprint would 



be available from the LDR WTS clarifier or groundwater 
P&T system.  



• The process is mature.  
• The reactivity/ignitability characteristics could be removed.  
• Reclaimed land could be reused as brownfield.  
• The phosphorus could be reclaimed and marketed as 



phosphoric acid.  
• The LDR WTS residuals could be disposed of on site or in an 



off-site landfill.  
 
The disadvantages are as follows: 



• It would be difficult to get regulatory and public acceptance.  
• The parameter discussion for the excavation technology in 



Section 5.2 applies.  
• LDR WTS residuals might require additional treatment to 



meet WAC at on-site or off-site disposal sites. 



 
 



5.3.4.4 Overall Likelihood of Success at FMC 
 
 Given the fact that the LDR WTS was designed and built specifically for the treatment of 
soil and debris generated by the FMC plant, the likelihood of its success there appears to be high. 
 
 
5.3.5 Wet Air Oxidation 
 
 



5.3.5.1 Description 
 
 In order to meet requirements in the FMC Pocatello RCRA Consent Decree of July 13, 
1999, FMC evaluated more than 50 waste management technologies capable of treating phossy 
waste. One technology evaluated was wet air oxidation (WAO) (MWH 1999). The WAO 
process involves the oxidation of organics or inorganics in water by using oxygen as the 
oxidizer. In WAO, the oxidation reactions occur in a reactor at elevated temperatures  
(150–320°C or 275–600°F) and pressures (10–220 barg [barg is the pressure, in bars, above or 
below atmospheric pressure of 0°C] or 150–3,200 lb/in.2 gauge or psig) (Siemens 2015). 
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A pilot-scale WAO evaluation was performed at the US Filter/Zimpro facility in 
Rothschild, Wisconsin, in 1998 (Figure 5-14). The pilot-scale evaluation also included lime 
adjustment of treated slurry and filtration of lime-adjusted slurry. It was determined that the 
WAO process could acceptably treat phossy wastes. Treatment followed by filtration and 
stabilization was proven to be effective in treating materials to meet RCRA LDR standards and 
other Consent Decree requirements (MWH 1999). 
 
 



5.3.5.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC performed pilot-scale studies using WAO. FMC demonstrated that WAO, followed 
by the conditioning and treatment of solid residuals and the treatment of off-gases, could 
successfully treat soil and debris from the former FMC plant. However, pilot-scale studies 
suggested that the WAO technology did not compare favorably with the anoxic process; the 
WAO process was viewed as being more complicated and less robust. The WAO process 
requires greater control of operational parameters and more heating and more efficient transport 
of oxygen into the slurry. The WAO process requires an N2 purge. The process could pose wet-
cake-handling issues that would require lime adjustment before filtration and stabilization in 
order to meet Consent Decree requirements. In addition, the design, operation, and permitting 
 
 



 



FIGURE 5-14 Typical Process Flow Diagram for Zimpro® Wet Air Oxidation (Siemens 2002) 
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requirements for the air pollution control aspects of the WAO could also be problematic 
(MWH 1999). FMC acknowledged additional technical challenges for using this technology.  
 
 



5.3.5.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-15. 
 
 



5.3.5.4 Overall Likelihood of Success at FMC 
 
 It is unlikely that WAO would achieve success at FMC without a protracted pilot-scale 
study and a full-scale design effort. A pilot-scale study demonstrated that WAO is more 
complicated and less robust than the anoxic caustic hydrolysis design and that strict control of 
operational parameters would be needed for the technology to succeed. 
 
 
TABLE 5-15 Assessment of Wet Air Oxidation Based on ETT Review Parameters 



 
Review Parameter Wet Air Oxidation 



 
Process maturity 



 
It is considered mature within the waste treatment industry with regard 
to treating a variety of waste streams. Only a pilot-scale version has 
been assessed for treating P4. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste could be excavated. 
• Testing did not specifically address historical pond residuals but 



instead focused on phossy wastes from the FMC plant. 
• Full-scale design and operating requirements are unknown. 
• The NPV estimate for Alternatives 5 through 7 in the September 



2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



Due to the lack of maturity of this method, the need for pilot studies, 
and the need for detailed site characterization, it is estimated that 3 to 
5 years for pilot-scale studies and construction would be needed to 
implement it and that 10 years would be required for operations. 



Effectiveness of removing and/or treating 
P4 on site 



A pilot-scale version of the WAO was shown to be effective at 
destroying 100% of the P4 and 96%–98% of the cyanide present in the 
phossy waste tested. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Because this is a totally enclosed system, meeting design and 
operating requirements could mitigate the risk to site workers. 



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Meeting design and operating requirements could mitigate 
risks to the community. 
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TABLE 5-15 (Cont.) 



 
Review Parameter Wet Air Oxidation 



 
Impacts to the environment during 
implementation 



 
The parameter discussion for the excavation technology in Section 5.2 
applies. Meeting design and operating requirements should limit the 
impacts from any air emissions and water discharges. 



Post-implementation impacts on the 
environment and the community 



If design and operational hurdles could be overcome, P4-associated 
risks from historical pond residuals that could be accessed by the 
excavation technology would be removed. The remediated historical 
pond footprint could be reused as brownfield. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• Pilot-scale testing has been performed. 
• The waste could be decharacterized. 
• The air emissions could be controlled. 
• The residuals could be disposed of on site or in an off-site 



landfill. 
 
The disadvantages are as follows: 



• Testing and design work would be required to advance from 
pilot scale to full scale. 



• It is not known whether the technology could be used to treat 
soil, sediment, and debris containing P4 waste. 



• It would be difficult to get regulatory and public acceptance. 
• Operating parameters and conditions could make operations 



difficult. 
• The residuals might require treatment to achieve WAC at on-



site or off-site disposal sites. 
 



 
 
5.3.6 Solvent Stirred Batch Reactor 
 
 



5.3.6.1 Description 
 
 Elemental phosphorus is a nonpolar compound due to the coordination symmetry of the 
P-P bonds in the tetra-phosphors molecule. As such, its solubility in strongly polar solvents like 
water is limited (about 0.003 g/L), while its solubility in nonpolar solvents is relatively high 
(Table 5-16). Therefore, it is conceivable that nonpolar solvents could be used to treat P4-bearing 
materials by using a solvent extraction method. This would involve mixing soils and sediments 
contaminated with white phosphorus with a nonpolar, water-immiscible solvent in a stirred and 
heated reactor, which would cause P4 dissolution, and then recovering the P4-rich solvent for 
further processing. 
 
 A starting place for developing this method would be to scale up the well-established 
solvent extraction procedure used to prepare white-phosphorus-bearing samples for analysis by  
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TABLE 5-16 Solubility of White Phosphorus in Selected Solvents  



 
Solvent Solubility (g/L) Disadvantages 



    
Toluene ~30 (similar to benzene) Flammable 
Benzene 28.6 Carcinogen 
Ethanol 25 Flammable 
Chloroform 25 Anesthetic 
Ether 9.8 Flammable, anesthetic 
Water 0.003 None 
Olive oil 12.5 None 
Carbon disulfide 1,250 Flammable, toxic 
Acetone Low solubility None 
Methanol Low solubility None 
 
Source: Adapted from Rivera et al. 1996. 



 
 
gas chromatography (EPA Method 7580, white phosphorus by solvent extraction and gas 
chromatography). This treatment method would involve the following steps:  
 



• Loading wet (water-saturated), white-phosphorus-bearing soil/sediment into a 
stainless steel stirred batch reactor vessel, 



 
• Adding solvent, 



 
• Conducting mechanical mixing and heating to achieve the optimal reaction 



kinetics, and 
 



• Distilling the reacted solvent to recover P4. 
 
 The solvent would be recycled and used for multiple extractions.  
 
 



5.3.6.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Although this method is technically possible, it has a number of disadvantages that would 
make its application for a full-scale remediation project unattractive relative to other methods 
discussed in this report. One of the key disadvantages is the toxic nature of the most effective 
solvents for this method (benzene, toluene, carbon disulfide, etc.). As shown in Table 5-16, there 
are some relatively benign chemicals that could be used (oils); however, these solvents are not 
commonly used as white phosphorous extractants (no reports of their use were found), so 
extensive laboratory testing would be required to assess their mixing properties and reaction 
kinetics. 
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5.3.6.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-17. 
 
 
TABLE 5-17 Assessment of Solvent Stirred Batch Reactor Based on ETT Review Parameters 



 
Review Parameter Solvent Stirred Batch Reactor 



 
Process maturity 



 
Conceptual. The process would require laboratory research and 
development. 



Limitations Tested solvents for this method are toxic and/or flammable (benzene, 
toluene, carbon disulfide). There is a lack of scalable laboratory test 
data. 



Time to implement (not including 
permitting and approvals) 



Due to immaturity of this method and the need for laboratory studies, it 
is estimated that 5 or more years would be needed to implement it. 



Effectiveness of removing and/or treating 
P4 on site 



Its effectiveness has not yet been determined. This method has been 
used for relatively small analytical samples, but there are no relevant 
data on its effectiveness as a large-scale remediation method for P4. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine release from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by keeping all P4-bearing materials saturated and under 
water, as well as by capturing and treating gases and using appropriate 
PPE. There would be additional risks if toxic, flammable solvents were 
used. 



Community health and safety during 
implementation 



The unmitigated risk would be high due to possible releases of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by treatment plant engineering and by using 
ancillary treatment technologies. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. The air quality could be 
affected by the release of particulate P4, phosphine, and 
P2O5/phosphoric acid vapors. The risk would be mitigated by treatment 
plant engineering and by using ancillary treatment technologies. 



Post-implementation impacts on the 
environment and the community 



There would be no impact on the environment or the community if a 
properly engineered treatment plant and applicable ancillary treatment 
technologies were available.  



Overall discussion of advantages and 
disadvantages 



• The main advantage of this method is that, since it is a batch 
process, it would require minimal processing of the feed material. 
As long as the P4-bearing feed could be well mixed mechanically, 
there would be little need for particle size reduction or phase 
separation.  



• The main disadvantage is that this process has been demonstrated on 
only relatively small analytical samples by using toxic solvent. 
There are no scalable data for this process that involve the use of a 
benign solvent.  
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5.3.6.4 Overall Likelihood of Success at FMC 
 
 Unless there is a considerable research and development effort, this method has a low 
likelihood of success for use on materials excavated from the FMC site. 
 
 
5.3.7 Off-Site Incineration 
 
 



5.3.7.1 Description 
 
 In the mid-1990s, FMC performed an extensive nationwide survey as part of a national 
capacity variance (NCV) to provide for a variance from compliance with the LDRs. FMC 
surveyed more than 160 RCRA treatment, storage, and disposal (TSD) vendors, including 
disposal, wastewater treatment, and incineration facilities. In general, the TSD facilities that were 
surveyed refused to accept waste from the FMC Pocatello plant for a number of reasons, 
including the volume of the waste, phosphine gas hazards, the possible presence of 
technologically enhanced naturally occurring radioactive material (TENORM), and the waste 
streams’ reactivity and/or ignitability. As determined by the NCV survey, only one facility could 
have accepted about 8% of the annual waste stream generated at that time. However, FMC 
indicated that even to take advantage of that off-site capacity, purchasing the required fleet of 
railcars and building and operating a waste-loading facility for off-site transport would be cost 
prohibitive (FMC 1996). 
 
 However, the waste profile of the former FMC plant and the volume of waste that 
requires treatment have changed since that NCV survey was prepared. The manufacturing of 
P4 no longer occurs, so process waste streams are no longer generated. For example, only 
remediation waste streams would be created if the historical ponds were to be remediated. Under 
a remediation-only program, some remediation residuals might remain on site for reclamation or 
treatment, and only some residuals might need to be diverted to an off-site TSD facility for 
subsequent treatment and disposal. In addition, since the NCV survey was performed, the 
universe of TSD facilities has changed, permitting requirements for some TSDs might have 
changed, and WAC might have changed. 
 
 In referring to the incineration of P4-containing residuals from a clarifier at the Solvay 
Plant in Butte, Montana, Franklin Engineering Group (2007) noted that “fully mature 
commercial technology with competitive pricing is available.” (In this case, the incinerator 
described was a rotary kiln incinerator, and the waste feed system would involve P4 that is 
containerized in drums.) For example, treatment of white-phosphorus-containing waste from the 
remediation of Open Demolition Area #2 at the Ravenna Army Ammunition Plant (RAAP) in 
Ravenna, Ohio, involved containerizing the waste intended for shipment to an off-site 
incinerator. According to the waste management plan, approximately 1,000 drums containing 
white-phosphorus-contaminated soil and debris were managed by topping the drums with water 
to maintain saturation and then shipping the waste from RAAP to the Veolia incineration facility 
in Sauget, Illinois. Pure or bulk white-phosphorus waste was managed in 30-gal drums, while 
white-phosphorus-contaminated soil and debris were managed in 55-gal drums (USACE 2011). 
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According to a Right-to-Know Network 2014 reporting summary, about 172 tons of reactive 
waste (most of which was assumed to be the waste generated from remediating white-
phosphorus-contaminated soil) was shipped from RAAP to the Veolia facility in 2011.  
 
 



5.3.7.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC has acknowledged that incineration technology is potentially applicable to small 
volumes of P4 waste (MWH 2009). The applicability of this ETT to the large volume of 
P4 waste present at the site depends on (1) waste acceptance by the off-site incinerator at an 
off-site TSD facility and (2) the feasibility of transporting waste residuals off site. Performing a 
waste acceptance survey is outside the scope of this independent review. As indicated in the Case 
by Case Extension discussed in Section 5.3.7.1, the presence of NORM in the waste stream has, 
in the past, precluded some off-site facilities from accepting P4 waste. The Review Team has not 
determined if the NORM content would be an issue for off-site incinerators at the present time. 
However, the NORM content of the P4 waste may add to the complexity and cost for the 
treatment of P4 waste and the off-site disposal of incinerator residuals. It is unknown whether 
waste residuals generated as part of a historical pond remediation program might now be 
acceptable at an off-site TSD facility. Also unknown is the volume of waste that could be 
accepted by any TSD facility that can accept P4-containing waste. However, as noted in 
Section 5.3.7.1, there are commercial incinerators that can accept P4-containing waste. Given the 
fact that pure P4 has been transported off site by rail in the past, it is feasible that waste residuals 
containing P4 could be loaded and transported to an off-site TSD facility by rail. 
 
 



5.3.7.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-18. 
 
 



5.3.7.4 Overall Likelihood of Success at FMC 
 
 This technology would involve process steps at FMC, the transportation of P4 waste to a 
destination TSD facility via road or rail corridors, incineration at the destination TSD facility, 
and finally the disposal of the waste residuals. Ancillary technologies would probably be capable 
of excavating P4 waste from the FMC site. Excavated waste could be placed in containers and 
covered with a water layer relatively easily; this was demonstrated when soil and debris were 
shipped to the Zimpro facility for treatability studies. However, an extraordinary number of 
drums would be required, and the amount of truck traffic required to transport the drums could 
be a nuisance and would represent a risk of transportation accidents. It would be more 
expeditious to use a bulk-to-bulk handling process for the soil and debris by transporting the 
excavated soil and debris by railcar. This ETT would probably not succeed at FMC, except with 
regard to treating a small subset of the P4 waste at the site. 
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TABLE 5-18 Assessment of Off-Site TSD Facility Based on ETT Review Parameters 



 
Review Parameter Off-Site TSD Facility 



 
Process maturity 



 
Mature. Off-site TSD facilities already exist. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste is accessible by the excavation technology. 
• A TSD facility that will accept the waste needs to be identified. 
• A dedicated fleet of railcars suitable for transporting a 



U.S. Department of Transportation flammable solid might be 
required, and a railcar loading and unloading facility might need 
to be built. 



• Risks might be created from transporting hazardous waste in 
containers by truck or by rail. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



The time needed to plan for ancillary technology and excavation 
support and constructing waste loading systems is estimated to be 
1 year. The time needed to excavate and off-load waste at the site is 
estimated to be more than 10 years. 



Effectiveness of removing and/or treating 
P4 on site 



Off-site TSD facilities probably have a series of treatment units that 
could treat P4, including rotary kiln-type incinerators with associated 
air pollution control equipment and incinerator waste solids residual 
handling. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. The risk associated with ancillary technologies used for 
storage before off-site transport could be mitigated.  



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Community health and safety could be affected by truck or rail 
transit of a hazardous material. 



Impacts to the environment during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. With regard to loading railcars, impacts on the environment 
would be comparable to the impacts that occurred when the plant was 
operating. 



Post-implementation impacts on the 
environment and the community 



The parameter discussion for the excavation technology in Section 5.2 
applies. P4-associated risks from historical pond residuals (residuals 
located near the surface) would be removed. The remediated historical 
pond footprint could be reused.  



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The parameter discussion for the excavation technology in 



Section 5.2 applies. 
• The process is mature. 
• Reclaimed land could be reused.  
• There would be zero emissions since treatment would occur 



in an off-site TSD facility. 
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TABLE 5-18 (Cont.)  



 
Review Parameter Off-Site TSD Facility 



 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• It might be difficult to find a TSD facility that would dedicate 
the needed process capacity to excavated waste. 



• The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• It might be difficult to get regulatory and public acceptance at 
the waste generation point (FMC Pocatello) and at the state 
hosting the off-site TSD facility. 



• After initial treatment, additional treatment might be required 
to meet WAC at off-site disposal facilities. Both the initial 
treatment facility and any final off-site disposal facility may 
have to accept waste containing NORM. The NORM content 
of the waste may add to the complexity and cost. 



• Transport by containers in trucks would be prohibitively 
expensive and create risks associated with truck transit on 
roads. 



• Transit by rail would also involve some transport risk and 
might require a dedicated fleet of railcars and the construction 
and/or modification of loading and off-loading capability. 



• This ETT would likely exceed the $81.6 million NPV cost for 
Soil Alternative 4, the most expensive soil alternative 
evaluated in the Supplemental FS (MWH 2010). 



 
 
5.4 EX SITU DISPOSAL TECHNOLOGIES 
 
 
5.4.1 On-Site Disposal 
 
 



5.4.1.1 Description 
 
 One option that could be applied to the FMC site is on-site disposal. The remediation 
plan presented in the 2012 IRODA proposes a system of caps and covers, with institutional 
controls and gas and groundwater monitoring, for the FMC site. Specifically, the IRODA calls 
for installing a protective cap. The purpose of the cap would be to provide a barrier to underlying 
contamination and to prevent water from moving through the contamination and polluting the 
groundwater. The cap in this case would be placed over existing soil and debris in an untreated 
form. With use of this option, P4 would remain as it is; it would retain its ignitable and reactive 
characteristics. The soil and debris would also continue to contain underlying hazardous 
constituents, specifically heavy metals, and some portion of these soils and debris could be 
defined as NORM. The cap would minimize infiltration of water and therefore minimize the 
leaching of P4, heavy metals, and radionuclides into the subsurface. 
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 These types of “disposal-in-place” remedies have been applied at numerous RCRA and 
CERCLA sites across the United States in the last 30 years. They have been shown to be 
effective in reducing risks to human health and the environment, mostly because the exposure 
pathway is minimized or eliminated altogether. However, only rarely have these types of 
remedies been approved of for soil and debris that are reactive and ignitable, such as P4. These 
types of remedial options (i.e., on-site disposal options) are not presented in this document for 
soils and debris containing P4 above the cleanup level of 23 mg/kg. However, on-site disposal of 
residuals that remain after P4 has been removed to acceptable levels by treatment is examined 
herein. 
 
 Several different disposal options are available. For example, Solvay is proposing to 
manage the residuals left over after operation of the mud still, along with materials from some of 
the other solid waste management units on site, in a CAMU (Barr 2014). CAMUs allow for the 
management of remediation soil and debris in land-based units without having to meet LDRs and 
potentially other RCRA requirements (e.g., liners, leachate collection systems), as long as it can 
be demonstrated that the CAMU will be protective of human health and the environment. 
 
 For CERCLA sites, such as FMC, the RCRA CAMU option for management of residuals 
can be brought in via the CERCLA ARAR process. CERCLA remedial options, however, can 
include the placement of remediation soil and debris that do not meet RCRA LDRs into CAMU-
like, land-based disposal units. Consideration of a RCRA CAMU for FMC through the CERCLA 
ARAR process is therefore not necessary, but the concept is the same. 
 
 Regardless of whether a RCRA CAMU or a CERCLA on-site land disposal remedy is 
considered for residuals left over after some form of active P4 treatment, this option is very 
attractive simply because of the tremendous volume of treated residuals that would be generated 
at the FMC site were these materials instead subject to active treatment to meet LDRs. For 
example, via a solidification-type process, the volume of treated material that would be created 
would be excessively large. This is assumed by considering that cement or cement-like 
pozzolanic materials would be added to the soil and debris requiring treatment, increasing its 
volume significantly. 
 
 



5.4.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Disposal of treated waste and soils and debris that have been treated to remove P4 in an 
on-site CAMU or CERCLA on-site land disposal unit is applicable to FMC. Considering the 
amount of P4 that would have to be removed, along with the threat of its ignitability and 
reactivity, the primary remaining concern with regard to the FMC site is heavy metal and NORM 
contamination. While stabilization could be used to reduce metal and radionuclide leachability, 
this option would be very costly and would produce a very large amount of material that would 
still need to be disposed of. The same outcome could be accomplished with a CAMU or a 
CERCLA remedy that included a cap designed to minimize permeability. No bench-scale or 
pilot-scale studies would be warranted. 
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5.4.1.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-19. 
 
 



5.4.1.4 Overall Likelihood of Success at FMC 
 
 Disposal of treated waste and soils and debris that have been treated to remove P4 in an 
on-site CAMU or CERCLA on-site land disposal unit at FMC has a very high likelihood of 
success. Considering the amount of P4 that would have to be removed, along with the threat of 
its ignitability and reactivity, the primary remaining concern for the FMC site would be heavy 
metal and NORM contamination. A well-designed land disposal unit with an engineered cap that 
minimized permeability would be protective of human health and the environment as long as the 
cap was adequately maintained.  
 
 
5.4.2 Off-Site Disposal 
 
 



5.4.2.1 Description 
 
 Unlike on-site disposal, which for this analysis is limited to waste and soil and debris 
from which P4 has been removed or treated down to an acceptable level, off-site disposal is 
considered here for the full range of waste and soil and debris that contain P4 above levels of 
concern. This represents a very large amount of waste and soil and debris for which it would take 
thousands, if not hundreds of thousands, of truck loads or railcars to remove. It would also be 
difficult, if not impossible, to find an off-site permitted RCRA disposal facility that would accept 
this amount of waste. More likely, a new RCRA-permitted facility would need to be established 
to accept the waste, because the amount involved could overwhelm a typical land disposal 
facility. 
 
 Such a facility could be overwhelmed not only because of the huge volume of material 
but also because if the waste and P4-contaminated soil and debris were moved off-site, the 
receiving facility would need to ensure that RCRA LDRs were achieved not just for the 
P4 materials but also for the heavy metals as well. Furthermore, the presence of radionuclides 
and potential NORM classification might make the acceptance of all the P4 waste problematic. 
Alternatively, P4 waste could be treated at the FMC site and then transported to an off-site 
location. Treatment could include addressing RCRA LDRs. However, the receiving facility 
would need to be permitted to accept the treated P4-contaminated soil and debris, and the 
regulator in the receiving state would need to approve the facility. In addition, the local public 
would need to be agreeable to having such a facility nearby; otherwise, there could be years of 
delays during the facility permitting process. 
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TABLE 5-19 Assessment of On-Site Disposal in a CERCLA Landfill Based on ETT Review 
Parameters 



Review Parameter 



 
On-Site Disposal in CERCLA Landfill 



(equivalent to a RCRA CAMU) 
 
Process maturity 



 
• Full-scale maturity. 
• Securing a CERCLA on-site disposal remedy is a common 



remedial approach. 
Limitations • There are no known impediments. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



• Landfilling of residuals after P4 has been removed might be able 
to begin immediately upon regulatory approval. 



• The time needed for implementation would depend on the total 
amount of contaminated media. 



Effectiveness of removing and/or treating 
P4 on site 



CERCLA on-site disposal would minimize further migration of 
contaminants from the site, but it would neither remove nor treat any 
low-level P4 remaining in the soil or media. 



Process safety for site workers during 
implementation 



The process safety risks for CERCLA on-site disposal would be 
related to the residuals from which P4 could not be readily recovered, 
and they would be similar to the risks from typical hazardous waste 
landfill operations. Risks would be considered moderate to high. 
Appropriate engineering controls and PPE would bring worker risks to 
acceptable levels. 



Community health and safety during 
implementation 



• The process health risks for CERCLA on-site disposal would be 
related to residuals from which P4 could not be readily recovered, 
and they would be similar to the risks from typical hazardous 
waste landfill operations. Risks would be considered low to 
moderate. 



• Appropriate engineering controls (e.g., dust suppression, daily 
cover) would bring the community risk to acceptable levels. 



Impacts to the environment during 
implementation 



A properly constructed CERCLA on-site disposal remedy that would 
meet the design criteria for residuals from which P4 could not be 
readily recovered would have minimal impacts on the soil, surface 
water, and groundwater. 



Post-implementation impacts on the 
environment and the community 



• Assuming that all residuals from which P4 has been removed to 
acceptable levels were placed in the CERCLA on-site disposal 
unit, post-implementation impacts would be minimal. 



• Institutional controls would address potential impacts on the 
environment and community. 



Overall discussion of advantages and 
disadvantages 



The advantages would be as follows: 
• This option could be applied only to P4 residuals that could 



not be readily recovered. 
• It is a proven technology. 
• It has a simple design and is easily understood. 
• It is anticipated that public approval would be favorable. 
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TABLE 5-19 (Cont.) 



Review Parameter 



 
On-Site Disposal in CERCLA Landfill 



(equivalent to a RCRA CAMU) 
 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• Sorting materials before implementing the on-site CERCLA 
disposal remedy could result in worker and environmental 
exposure. 



• A large volume of material might need to be landfilled. 
• It would require siting on an appropriate portion of FMC 



property. 
• Its cost would be high relative to the cost of cap and cover 



options. 



 
 



5.4.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 From a technology perspective, off-site disposal is applicable for FMC. However, if the 
waste and soil and debris were sent off site, RCRA LDRs would have to be satisfied. The 
receiving facility would need to treat the FMC waste and soil and debris to remove P4 to the 
point where the waste and soil and debris no longer exhibited the characteristics of ignitability 
and reactivity. UCs (primarily heavy metals) would need to be addressed as well. Here, 
stabilization would be the most appropriate technology. Once the P4 and heavy metals were 
addressed, the waste, soil, and debris would no longer be considered hazardous waste and would 
be considered nonhazardous. The waste, soil, and debris could be disposed of as nonhazardous 
solid waste, but there would be other options too, including potential reuse as fill material. 
Bench-scale and pilot-scale studies of the off-site disposal alternative might be useful, 
particularly if the means of addressing P4 and heavy metals would involve a new or innovative 
treatment technology. 
 
 



5.4.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-20. 
 
 



5.4.2.4 Overall Likelihood of Success at FMC 
 
 Although the off-site disposal approach is applicable to FMC soil and debris, it is 
unlikely to be considered. The cost of sending all contaminated FMC soil and debris off site 
would be considerably higher than the cost of any on-site alternative. This off-site disposal 
approach might succeed for a small subset of the P4 waste after it has been treated. 
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TABLE 5-20 Assessment of Off-Site Disposal Based on ETT Review Parameters 



 
Review Parameter Off-Site Treatment/Disposal 



 
Process maturity 



 
Full-scale maturity. Sending P4 materials off site would require the 
same safeguards as those applied to the product.  



Limitations • There would be a large number of shipments of waste soil and 
debris via truck or rail over potentially many years. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



• Off-site shipments could begin immediately upon regulatory 
approval. 



• The time needed for implementation would depend on the total 
amount of soil and debris that needed to be shipped off site.  



• There would be a large number of shipments of waste soil and 
debris via truck or rail over potentially many years. 



Effectiveness of removing and/or treating 
P4 on site 



The removal of soil and debris would take years but would be 
effective. 



Process safety for site workers during 
implementation 



• The process safety risks to workers from off-site shipments 
would be similar to those from a typical hazardous waste 
transport operation.  



• The risks would be considered moderate to high. 
Community health and safety during 
implementation 



The process safety risk for community health and safety from off-site 
shipments would be similar to those from a typical hazardous waste 
transport operation. The risks would be considered moderate. 



Impacts to the environment during 
implementation 



The removal of soil and debris would take years but would be 
effective, with a minimal impact on the environment. 



Post-implementation impacts on the 
environment and the community 



Assuming that all P4-contaminated materials above established levels 
were sent off site, post-implementation impacts would be minimal. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The technology could be applied to all P4 residuals at 



concentrations above established cleanup levels. 
• It has a simple design and is easily understood. 
• It is anticipated that public approval at the FMC site would 



be favorable. 
 
The disadvantages are as follows: 



• A large volume of material might need to be sent off site, 
which could take many years. 



• Public approval at the receiving site might be problematic. 
• The cost of transporting treated P4 waste to an off-site 



disposal facility would be high relative to the cost of on-site 
disposal of treated P4 waste. 
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5.5 Abandoned Railcars and Underground Piping 
 
 
5.5.1 Underground Piping 
 
 



5.5.1.1 Description 
 
 Residuals containing P4 are likely to be present in both process-related and stormwater-
related underground pipes located at the FMC OU (Figure 5-15). As reported in the 
Supplemental FS (MWH 2010), underground piping may contain residual P4. These 
underground process pipes and stormwater lines are present in RUs 1, 2, 3, 8, 12, 13, 22b, and 
24. The process-related piping is constructed of mild steel. The 16-in. stormwater piping in RU 1 
and RU 3 is constructed of concrete (MWH 2010). The stormwater piping was cleaned out in the 
spring of 2015, and it still might be in the process of being cleaned out via the use of in-line 
hydraulic flushing methods (FMC Idaho 2015; also see Shoshone-Bannock Tribes’ Responses to 
Argonne’s Questions and Comments on FMC’s Responses of June 2015 [Appendix F]). The 
amount of waste present in the underground pipeline was summarized in Table 2-1. 
 
 Pipelines and sumps that could have been used to handle P4 are summarized in 
Table 5-21. Also summarized in the table are the RUs where the pipelines are located, the 
purposes of the pipelines, the sizes and minimum and maximum depths of the pipelines, the 
materials of construction, and whether or not the pipeline was abandoned in place. In addition to 
the pipelines summarized in Table 5-21, there are other pipelines associated with closed RCRA 
ponds that might contain P4 or P4 by-products. 
 
 A waste management scenario somewhat similar to the one in which there is the presence 
of a very hazardous waste (P4-containing residuals) within underground pipelines can be found 
at the U.S. Department of Energy’s Hanford Reservation. At the Hanford Reservation, there are 
7 to 8 miles of pipelines in Waste Management Area (WMA) C that contain about 1,200 gal of 
radioactive waste. Closure options being considered for the WMA included removing the 
contents of the pipelines by hydraulic pigging, grouting the pipelines in place, or abandoning the 
pipelines in place should WMA C be closed as a landfill. A number of the technologies 
considered for the Hanford Reservation could potentially be used at the FMC site (Badden et al. 
2013). These technologies that could be used to address the remaining underground piping 
include both ex situ and in situ closure ETTs. 
 
 Ex situ excavation could proceed, as discussed in Section 5.1. Portions of pipelines could 
be flooded, either through the pipeline or external to the pipeline. Pipeline removal could 
proceed in segments. Conventional excavation techniques could then be used to access the 
flooded pipeline. Sectionalized portions of the pipeline could be placed in a water bath at the 
ground surface in preparation for subsequent handling. Subsequent handling could include 
treating sections in an on-site incinerator, for example. Alternatively, excavation could proceed 
as discussed in Section 5.3.2, with the excavation process encapsulated in a mobile instant 
structure (a sprung instant structure or similar structure), with the pressure/air controlled by using  
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FIGURE 5-15 RUs Identified as Containing Underground Piping, Sumps, and Structures (Source: FMC 2009)  
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TABLE 5-21 Pipes with Possible Deposits of P4 and Phossy Solids (mixture of P4 and “dirt”) 



RU ID Utility Size (in.) 



 
Min. 



Depth 
(ft bgs)



Max. 
Depth 
(ft bgs) Material Status 



        
1 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
1 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
1 42 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
1 43 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
1 53 Phossy water 18 8 10 Carbon steel Abandoned in place 
1 54 Storm drain 16 5 8 Reinforced concrete In use – site drainage 
1 66 Storm drain 10 3 5 Carbon steel Abandoned in place 
1 S1 Phossy water sump 1,000 gal 6 8 Stainless steel Pumped, deconned, and abandoned in place 
1 S2 Furnace Building P4 storage sumps Varies 6 8 Reinforced concrete Lining removed, deconned, backfilled with silica
1 S3 Phos dock sumps Varies 10 12 Reinforced concrete Lining removed, deconned, backfilled with silica
1 S4 Secondary condenser area phos sump Varies ? ? Stainless steel Lining removed, deconned, backfilled with silica
2 23 Phossy water 6 2 3 Carbon steel Abandoned in place 
2 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
2 25 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 66 Storm drain from kiln building to slag pit 10 3 5 Carbon steel Abandoned in place 
2 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
2 70 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
2 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
2 83 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
2 84 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
3 42 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 43 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 54 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 F36 P4 decon building foundation NAa 0 5 Reinforced concrete Deconned, backfilled with silica 
4 90 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
8 66 Storm drain from kiln building to slag pit 10 3 5 Carbon steel Abandoned in place 
8 68 Calciner CO lines 14 3 5 Carbon steel Abandoned in place 



12 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
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TABLE 5-21 (Cont.) 



RU ID Utility Size (in.) 



 
Min. 



Depth 
(ft bgs)



Max. 
Depth 
(ft bgs) Material Status 



        
12 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
12 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
12 78 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
12 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
12 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
12 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
12 83 Slag pit dewatering  6 2 4 Carbon steel Abandoned in place 
12 84 Slag pit dewatering  6 2 4 Carbon steel Abandoned in place 
22b 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
22b 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
22b 23 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
22b 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
22b 25 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
22b 27 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
24 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 23 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
24 25 Phossy water  4 2 3 Carbon steel Abandoned in place 
24 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
24 70 Phossy water 4 2 3 Carbon steel Abandoned in place 
24 78 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
24 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
24 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
24 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
24 90 Storm drain 15 5 8 Reinforced concrete In use – site drainage 



 
a NA = not applicable. 



Source: FMC (2009); Table 4-51. 
 











 



113 



remotely controlled excavating equipment, a high-vacuum soil extraction system (GuzzlerTM),3 
or a system similar to that used to excavate radiologically contaminated soil at the Hanford 
Reservation in Washington State (Badden and Seely 2010). 
 
 In situ pipeline residual extraction could be done by using a flushing approach similar to 
one used on concrete storm sewers and/or pipeline pigging involving a utility pig, such as a 
brush, scraper, or hydraulically activated pipeline pig (Stoltze 2007). A combined approach 
involving in situ inspection and pipeline content removal might be applicable to FMC. Pigging 
involves the insertion of devices for cleaning or inspecting pipelines. Pigs can be retrofitted with 
video cameras (with an illumination or infrared source), flammable gas sensors, chemical 
sensors, field-portable analytical systems, and/or remotely operated sampling equipment. 
Devices can be inserted via drains, valves, diversion boxes, manholes, flanges, etc. Pigging can 
be limited by the configuration of pipelines, since pigs are typically tethered or self-propelled 
and work best in straight sections of pipelines. In particular, hydraulically activated pipeline 
pigging (HAPPTM) or similar pigs could be used to both inspect and clean out pipelines with 
structural integrity, assuming the cleaning action could remove any solidified P4-containing 
residuals. The HAPP approach is somewhat similar to the approach already being used to clean 
out the storm sewers at the site. Basically, hydraulically activated cleaning jets could be used to 
clean interior pipeline surfaces. However, process pipelines could contain pure or relatively pure 
P4, which would make the HAPP of process pipelines different than cleaning out the storm 
sewers that contained dilute P4-containing soil and debris. 
 
 Pigging was not considered a viable technology for the Hanford Reservation 
contamination scenario discussed above because (1) hydraulic pigging would require the 
introduction of significant volumes of water under pressure to both activate and move the pig 
and (2) the selected remedial alternative at the Hanford Reservation involved abandoning the 
pipelines in place. However, at the FMC site, the introduction of water would be necessary in 
order to address the hazards associated with P4 within a given pipeline. Water and pipeline 
residuals generated during pipeline cleaning could be treated by using the 
P4-deactivating/recovery/disposal method selected to address other P4-containing soil and debris 
at the site. 
 
 



5.5.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 A combination of an in situ approach and an ex situ approach might be required to 
remove underground piping at the former FMC plant. In situ approaches might offer the best 
option from a worker safety standpoint, since air emissions could be controlled with engineering 
controls. However, for cases in which pipelines have collapsed or where P4-containing residuals 
have solidified and cannot be moved by cleaning, an ex situ approach might be needed. Ex situ 
approaches would have applicability similar to that described in the excavation discussion in 
Section 5.2. Sloping, benching, and laybacks might not be the best approach for pipeline 



                                                 
3 GuzzlerTM is a vacuum-based system used to selectively remove soil/waste after it has been broken up by a high-



pressure water stream. Guzzler is a registered trademark of Guzzler Manufacturing, Inc., Streator, Illinois (Badden 
and Seely 2010). 
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removal. Shoring might be the best approach for removing a linear feature like a pipeline, and it 
would limit the amount of soil requiring excavation. Workers would have to be protected from 
cave-ins as well as from the hazards associated with P4. Protective systems for excavations 
would have to meet the requirements found in 29 CFR 1926.652 (Part 1926, “Safety Regulations 
for Construction,” Subpart P, “Excavations”). Excavations deeper than 20 ft would have to be 
designed by a registered professional engineer. 
 
 Should an ex situ approach involving pipeline excavation and removal be used, the 
presence of pure, or relatively pure, P4 in some pipelines would necessitate extraordinary 
preparations and could involve approaches that address water flooding and involve isolating 
sections of pipelines before removal. Pilot-scale studies, including studies on the removal of 
representative (in terms of materials of construction, depth, linearity, etc.) sections of piping, 
used with ex situ approaches would probably be needed to determine the viability of the ex situ 
removal of piping. 
 
 Pilot-scale in situ studies, including the use of pigging (HAPP or similar methods) on 
sections of piping representative of different construction materials, diameters, configurations, 
pig entrance and egress points, etc. would probably be needed to determine the viability of 
pigging technology. Furthermore, pilot-scale testing on a section of piping would also be needed 
to establish the best techniques for recovering pipeline residuals that were mobilized by the 
hydraulic action of the pig. 
 
 



5.5.1.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-22. 
 
 



5.5.1.4 Overall Likelihood of Success at FMC 
 
 It appears that a combination of in situ and ex situ approaches could succeed at the 
FMC OU. 
 
 
5.5.2 Abandoned Railroad Tank Cars 
 
 



5.5.2.1 Description 
 
 Twenty-one railroad tank cars are present in RU 19c, which is about 2.7 acres in size and 
is located in the center of the slag pile (RU 19). The railcars were placed at the then-southern 
edge of the slag pile in 1964 and were covered with native soil. The amount and purity of the 
P4 sludge present in the railcars are uncertain. As reported in Appendix B of the Supplemental 
FS, the sludge was nearly pure (95% P4), and the capacity of the railcars was 10% to 25%. Here 
is language from Appendix B of the Supplemental FS:  
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TABLE 5-22 Assessment of Underground Pipeline Cleaning Technologies Based on ETT Review 
Parameters 



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Process maturity 



 
In situ technologies for the inspection and removal of pipeline contents 
are fully mature. Ex situ technologies for the removal of pipeline and 
pipeline P4 content are not mature. 



Limitations • In situ technologies would be limited by pipeline sections that 
have failed structurally or by plugs of process waste that could not 
be removed. In situ technologies might also be limited by pipeline 
configurations and turns, valves, and sumps present in the 
pipeline.  



• Pipelines would have to be filled with water, or the pipeline 
transect would have to be flooded in order to remove pipelines 
with ex situ technologies.  



• Whether methods were performed in situ or ex situ, pipes would 
have to be decontaminated, and waste residuals would have to be 
treated/recovered. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 1 year for planning. Estimated time is 3 years for 
operations. 



Effectiveness of removing and/or treating 
P4 on site 



In situ technologies used in intact pipelines would probably be 
effective at removing P4 from the pipelines. Ex situ pipeline removal 
would require process steps for crimping and cutting pipeline sections, 
placing pipeline sections in a water bath, and then removing P4 from 
and decontaminating the pipelines. 



Process safety for site workers during 
implementation 



• Process safety for site workers during implementation of in situ 
technologies could be managed with engineering controls and 
PPE.  



• Worker safety for ex situ technologies could also be managed with 
engineering controls and PPE, but process steps would have to be 
rigorously planned and evaluated because of potential unknown 
factors. 



Community health and safety during 
implementation 



The risk to community health and safety could be mitigated by well-
planned and executed actions. 



Impacts to the environment during 
implementation 



Ex situ technologies could result in impacts as described for the 
excavation technologies in Section 5.2. In situ approaches should result 
in minimal impacts on the environment. 



Post-implementation impacts on the 
environment and the community 



There should be few or no impacts on the environment and community 
after implementation. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• In situ technologies were successfully applied in the storm 



drain pipelines and should function for the other pipelines. 
• In situ technologies offer the potential to control emissions to 



air and to help capture any decontamination fluids. 
• In situ technologies could be used to remove plugs of P4 



product in a relatively controlled environment. 
• Ex situ technologies could be used to address collapsed 



pipelines or plugs that could not be otherwise removed by 
using in situ technologies. 



  











 



116 



TABLE 5-22 (Cont.)  



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• Pipeline collapses or pipeline configurations could preclude 
the use of in situ technologies. 



• The chemical environment could damage in situ equipment. 
• Either in situ or ex situ technologies could require the use of 



large volumes of water. 



 
 



“1.3.3 Description of P4 Sludge Generation and Management 
P4 was typically very pure, white phosphorus. However, due to a number of process 
variables, ore, silica and/or coke dust, along with other condensables would pass through 
the electrostatic precipitator in trace amounts and end up with the liquid P4 product. 
These insolubles would rise to the top of the liquid P4 as it was stored in a liquid state 
and eventually concentrate to form what was referred to as P4 sludge. The sludge 
typically ranged from 75 to 95% P4. The P4 sludge was much more viscous and would 
not easily pump from the sumps and tanks. Therefore, over time P4 sludge would build 
up within the storage vessels and railcars.” 



 
And as reported in Section 2.2.2 of Appendix B: 
 



“2.2.2 Contents of the Railcars 
As described in Section 1.0, it is expected that the railcars contain about 10 to 25% of 
their total capacity as P4 sludge. However, it is not known if the railcars were filled with 
water or nitrogen prior to transportation to the slag pile area for burial.” 



 
Ironically, the information in Appendix B of the Supplemental FS conflicts with the information 
that summarizes the contents of the railcars in the main body of the same Supplemental FS 
report: The Supplemental FS reports in 2.3.3.4 Railroad Cars in Slag Pile (RU 19c) “that the 
railcars contain an estimated 10 to 25% P4 sludge.” Also included in the main body of the 
Supplemental FS is the following: “Summary of Pertinent SFS Information for RU 19c:  
 



• P4 concentrations of the sludge within the railcars range from 10 to 25%”  
 
It appears that the main text of the Supplemental FS transposed the percent capacity and percent 
purity.  
 
 Sludge resulted from both the manufacturing process and from shipping P4 in railcars. 
Given the high concentration of P4 in the sludge (concentrated to 25% or higher), efforts were 
expended to try to reclaim the P4 in the sludge by cleaning out the tank cars used for 
transshipment of P4 and feeding the sludge back into the furnace. Reportedly, P4 sludge was 
periodically removed from inside railcars used to ship P4 by using a combination of pumping, 
steam cleaning, and manual scraping and shoveling (MWH 2010).  
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 It appears that in addition to using railcars to ship P4 product, railcars may have also been 
used for staging or storing P4 sludge over an unspecified time frame. Thirty railcars were used 
for such storage. In the case of the tank cars used for storage, cleaning sometimes involved 
removing internal steam coils first and then cleaning the railcars. Cleaned cars were reportedly 
scrapped or sold intact. After what are described as “near-miss accidents” (and perhaps efforts 
expended cleaning nine railcars), nine railcars were cleaned and then scrapped. Twenty-one 
railcars were removed from their trucks (wheels) and disposed of in the slag pile (MWH 2010). 
 
 The capacity of a railcar is 15,000 gal. The total capacity of all railcars is 315,000 gal. 
The P4 sludge volume present in all of the railcars ranges from 31,500 to 78,750 gal. The mass 
of P4 present in the railcars has been estimated to range from 200 to 2,000 tons. After the railcars 
were placed at the edge of the slag pile, the railcars were covered with slag. Based on the known 
original native soil elevation, it has been estimated that the railcars have been buried beneath 
80 to 120 ft of slag. Slag overlying the railcars was removed during regrading operations in 
2015, so it is likely that the railcars are now buried beneath less than 80 ft of slag (Appendix C). 
The slag present in the RU and overlying the railcars is described as mostly uncrushed slag 
containing slag ranging in size from 1/4 in. to boulder size (MWH 2010).  
 
 The slag covering the railroad tank cars and the slag located throughout the FMC OU 
likely contains P4. As reported in the Shoshone-Bannock Tribes’ Comments on FMC’s May 18, 
2015, Responses to Argonne’s Questions of April 21, 2015, P4 material is contained in the slag 
material. Appendix C documents numerous USCs associated with the unplanned identification of 
P4 during slag movement. When P4 is uncovered, it is covered with sand and/or allowed to burn 
until P2O5 smoke is no longer visible, after which the reacted material is moved to a staging area 
(Appendix C).  
 



Figure 5-16 is a photograph of site visitors standing at or near the level of native soil 
(before the 2015 regrading operation). The railcars are buried beneath the slag pile on the right 
side of the photograph. Figure 5-17 is another photograph of the slag pile. Both Figures 5-16 and 
5-17 depict the ranges in particle size present in the slag pile. Note that some of the slag was 
deposited as a liquid, which flowed and then hardened while cooling. 
 
 



5.5.2.2 Applicability to FMC and the Value of Bench-Scale and Pilot-Scale Testing 
 
 Several of the ETTs already discussed in this document have the potential to address the 
P4 present in the abandoned railcars. However, the presence of such large quantities of 
potentially highly concentrated P4 in the 21 railcars (potentially 2,000 tons or 78,500 gal) creates 
a unique and risky hazardous materials cleanup challenge. Responding to this hazardous 
materials cleanup challenge requires additional information gathering, planning, and pilot-scale 
testing before implementing any ETT. 
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FIGURE 5-16 Site Visitors Standing at or Near the Level of Native Soil (Source: provided by 
Argonne) 
 
 
 At a minimum, a more refined CSM is needed, including a better or complete 
understanding of the location, configuration, and condition of the railcars. The conflict regarding 
the relative purity of the P4 present in the railcars (25% versus 95%) is another uncertainty that 
could be resolved if the abandoned railcar CSM is refined in the future. The assessment of the 
railcars should take full advantage of techniques like geospatial analysis using aerial 
photography and of environmental geophysics (including ground penetrating radar, seismic 
reflection, seismic refraction, two- and three-dimensional resistivity, and magnetics) to gain the 
understanding needed to plan how to address the P4 content of the railcars. Geophysical 
assessments should proceed iteratively as slag and soil layers are removed. Planning should 
integrate a number of in situ and ex situ ETTs already discussed. Planning should incorporate 
potentially first removing slag to gain access to the railcar disposal site with the intent to conduct 
any additional geophysics needed to refine the CSM and to prepare for opening a tank car in 
order to perform either bench- or pilot-scale studies or full-scale P4 removal.  
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FIGURE 5-17 Slag Pile (Source: provided by Argonne)  
 
 
 Slag removal could proceed using an ex situ excavation method, as described in 
Section 5.2. If a 3:1 slope would be required to safely gain access to the railcar disposal site, it 
has been estimated that more than 300,000 yd3 of slag would need to be removed (MWH 2010). 
Presumably, as USCs occur during slag excavation, exposed P4 could be allowed to react in 
open air or under a structure as described in Section 5.3.2. The P4 identified during slag removal 
could also be staged in a water-filled drop tank and then recovered by using the batch mud still 
described in Section 5.3.3.  
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 After slag is removed, the soil covering the railcars would need to be carefully removed 
to gain access to the railcars. Planning would need to address how to respond to a USC involving 
P4 that has leaked or that is continuing to leak from a railcar during the operation. Planning 
might also involve collecting additional soil samples adjacent to the buried railcars to determine 
whether or not leakage has occurred. Railcars with similar characteristics should then be grouped 
(as needed) for performing bench-scale and pilot-scale studies and for implementing an ETT.  
 
 Water present in the railcars would have to be removed and treated, potentially in the 
treatment system for the groundwater P&T system. An inert atmosphere could then be created in 
the test railcar(s) in preparation for an ETT. ETTs potentially applicable for the railroad tank cars 
include doing internal tank washing using high-pressure tank cleaning systems and/or using 
vegetable oil to solubilize and wash P4 sludge. A number of different internal tank cleaning 
technologies are available for railroad tank cars, bulk aboveground fuel storage tanks, and 
underground storage tanks. An example of a high-pressure tank cleaning system is manufactured 
by Holland Applied Technologies (http://www.hollandapt.com/static.asp?path=3586,10444). 
Any sludge mobilized by the cleaning system could be vacuumed from the railcar by using a 
Guzzler or similar vacuum technology. Other potentially applicable technologies include a sluice 
nozzle and robotic arm vacuum recovery system designed to remove high-level radioactive waste 
from tanks at the Hanford Reservation (http://www.osti.gov/scitech/servlets/purl/1011436-). 
Sludge removed from railcars would then need to be packaged and either treated on site in the 
ETT selected to treat other P4 waste or transferred from bulk to containers and shipped off site 
for incineration. 
 
 Tank cleaning systems are typically water-based. Given the poor solubility of P4 in 
water, another approach might be to substitute vegetable oil for water in the tank washing 
system. The solubility of P4 in oil was discussed for a potential in situ ETT (Section 5.1.2). An 
assessment of the feasibility of using vegetable oil as a solvent and/or using any one of numerous 
internal tank cleaning systems should be evaluated with bench- and pilot-scale testing. Bench- 
and pilot-scale testing can also provide useful information about the treatability of any P4 sludge 
that is extracted from the rail cars.  
 
 The results of the internal tank washing procedure can be used to determine whether or 
not the railcars can be filled with sand and abandoned in place, or whether the railcars need to be 
opened up to allow the manual removal of P4 sludge by using the techniques developed by FMC 
for the routine maintenance of railcars. There is also some precedent for the manual removal of 
P4 from tanks, as referenced on the Chiresa website (Chiresa AG 2008). The step-by-step 
requirements for such an ETT have been discussed generally in the Supplemental FS 
(MWH 2010). 
 
 



5.5.2.3 Assessment Based on Review Parameters 
 
 An assessment of the suggested ETTs for the abandoned railcars is included in 
Table 5-23. 
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TABLE 5-23 Assessment of Abandoned Railcar Technologies Based on ETT Review Parameters 



 
Review Parameter Abandoned Railcar ETTs 



 
Process maturity 



 
• Ex situ technologies for the removal of slag are mature. 
• Practices for handling USCs are mature.  
• Recovery of any mined P4 from slag in a mud still is mature.  
• Remotely operated internal tank cleaning technologies are mature, 



but not for the removal of P4 sludge.  
• The efficacy of using vegetable oil for P4 sludge removal is 



unknown.  
• Manual cleaning of railcars is mature.  



Limitations Slag removal coupled with exposing the abandoned railcar disposal 
site could result in uncontrollable emissions. Worker health and safety 
risks would be significant. However, the railcars could be cut open 
rather than being cleaned out using confined space entry requirements.  



Time to implement (not including 
permitting and approvals) 



Estimated time is 1 year for refining the CSM and planning the 
operation. Estimated time is 1 year for pilot-scale studies. Estimated 
time is 3 years for operations. 



Effectiveness of removing and/or treating 
P4 on site 



• Ex situ excavation technologies would be effective in exposing 
and handling P4 USCs during slag removal. The effectiveness of 
removal P4 sludge using remotely operated equipment is 
unknown.  



• Past practices suggest that manual cleaning of the railroad tank 
cars was effective. P4 sludge could be containerized and treated 
off site in an incinerator. 



Process safety for site workers during 
implementation 



• Process safety for site workers during slag removal and during 
manual entry of railcars could be managed with engineering 
controls and PPE.  



• Worker safety for the performance of remotely operated internal 
tank cleaning technologies could also be managed with 
engineering controls and PPE, but process steps would have to be 
rigorously planned and evaluated because of potential unknown 
factors. 



Community health and safety during 
implementation 



The risk to community health and safety could be mitigated by well 
planned and executed actions. 



Impacts on the environment during 
implementation 



Ex situ excavation technologies could result in impacts as described for 
the excavation technologies in Section 5.2. If the railcars lack integrity 
and have leaked P4 into the environment, exposing the railcar disposal 
site could result in significant emissions to the environment.  



Post-implementation impacts on the 
environment and the community 



There should be little or no impact on the environment and community 
after implementation. 
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TABLE 5-23 (Cont.) 



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Overall discussion of advantages and 
disadvantages 



 
The advantages are as follows: 



• Slag removal has been successfully applied already. Methods 
to address P4 releases during USCs have been developed. 



• Remotely operated in situ tank technologies offer the 
potential to control emissions to air, minimize site worker 
risks and to help capture any sludge decontamination fluids.  



• Past practices can be used to manually clean railcars that 
cannot be completely remediated using internal tank cleaning 
technologies.  



 
The disadvantages are as follows: 



• Removing 120 ft of slag and exposing the railroad car 
disposal site could disturb or damage the railcars, causing the 
release of P4 and uncontrolled air emissions.  



• Additional refinement of the CSM and the performance of 
needed bench-scale and pilot-scale tests could take several 
years.  



• Remotely operated tank cleaning equipment or the manual 
entry and cleaning of the railroad tank cars could represent a 
significant site worker risk.  



• High-pressure water jets could damage the integrity of the 
60+-year-old railroad tank cars.  



 
 



5.5.2.4 Overall Likelihood of Success 
 
 Uncertainties regarding the CSM, the condition of the railcars, and the results of needed 
bench-scale and pilot-scale testing make it difficult to predict whether or not the P4 sludge could 
be excavated and treated.  
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6 ASSESSMENT OF APPLICABLE EXCAVATION  
AND TREATMENT TECHNOLOGIES 



 
 
6.1 REPORTING MATRIX 
 
 The Review Team examined 18 potentially applicable ETTs for excavating and treating 
P4 waste at the FMC OU (Table 6-1). The technologies examined ranged in maturity from a 
theoretical or conceptual stage to real-world examples of treating P4 waste in full-scale systems. 
Recognizing that P4 waste is present at depths as great as 85 ft below ground surface, the Review 
Team investigated the efficacy of ETTs that could treat P4 in situ. The Review Team also 
investigated the efficacy of numerous ex situ technologies that could access P4 waste present 
within the reach of conventional excavation equipment or that could access P4 waste beyond the 
reach of conventional excavation equipment if operated in conjunction with shoring, sloping, 
benching, and laybacks. We examined ETTs that could be used to handle P4 waste on site and/or 
off site. The Review Team examined underground pipelines and the abandoned railcars 
separately. As discussed in the main text and reflected in Table 6-1, multiple specialized 
technologies would probably be required to address these relics (underground pipelines and 
abandoned rail cars) of the former FMC plant. Furthermore, as discussed in the main text, several 
of the ETTs examined and summarized in Table 6-1 would have to be operated either 
simultaneously or in series to address P4 waste.  
 
 
6.2 EVALUATIONS 
 
 In addition to a listing of the pipeline remediation technologies and technologies 
applicable to the abandoned railcars considered by the Review Team, Table 6-1 summarizes an 
evaluation of ETTs as specified in the Work Order (Appendix A). Information about whether 
bench- and pilot-scale studies have been performed, and whether full-scale versions of the ETTs 
have been used, is also summarized. Table 6-1 indicates sites where the ETT has been used, 
whether the ETT is applicable to the FMC site, and the ETTs that warrant further consideration.  
 
 
6.2.1 In situ Technologies 
 
 The in situ ETTs evaluated involved thermal treatment and recovery, solvent leaching, 
and oxidant leaching. In order to focus the primary treatment, recovery, or leaching action of the 
in situ ETT, a containment technology would need to be used along with the ETT chosen. 
However, there are more considerable uncertainties associated with applying these in situ ETTs 
than is the case for the examined ex situ ETTs. These uncertainties fall into two categories: 
uncertainties about the CSM and uncertainties about the in situ ETTs. 
 
 Conceptually, the in situ ETTs have some merit; in order to function, however, the in situ 
ETTs must target a mass of P4 in the subsurface. Due to worker health and safety issues, site 
investigators have strived to avoid collecting any samples that contain P4. As a result, the 
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TABLE 6-1 Excavation and Treatment Technology Report Matrix 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
In situ Thermal 
Treatment and 
Recovery 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 
 



Further 
consideration not 
warranted 



      
In situ Solvent 
Leaching and 
Recovery Using 
Benign Solvents 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
In situ Oxidant 
Leaching 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
Containment 
Technologies  



Pilot-scale studies 
would be needed to 
determine viability 
of ETT 



Full-scale 
applications have 
been deployed (but 
not at P4 sites) 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
Mechanical 
Excavation 



Not required Full-scale 
applications have 
been deployed 



FMC, Idaho, 
Rhodia/Solvay, Silver 
Bow Montana (as 
related to the 
Supplemental FS) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Cutter Suction 
Dredging 



Not required Full-scale 
applications have 
been deployed 



Glenn Springs, 
Occidental Petroleum 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Thermal-Hydraulic 
Dredging  



Not required Full-scale 
applications have 
been deployed 



References found 
indicating use to 
manage wastewater 
treatment at a unnamed 
production facility 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
On-Site 
Incineration 



B&P-scale studies 
may be required to 
determine 
incinerator and 
post-treatment 
disposal site waste 
acceptance criteria 
(WAC)  



Full-scale 
applications have 
been deployed 



Technology such as an 
APE incinerator crane 
conversion plant; APE 
incinerator in Lubben, 
Germany; Veolia 
incineration facility in 
Sauget, Illinois (for 
RAAP P4 wastes) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 
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TABLE 6-1 (Cont.) 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
Drying/Mechanical 
Mixing under Tent 
Structure 



May be required to 
determine 
concentration limit 
for P4 waste 
handling 



Full-scale 
applications have 
been deployed 



P4 train derailment, 
Miamisburg, Ohio; and 
Stauffer Site, Tarpon 
Springs, Florida (tent 
structure alone; no 
mixing) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
A&W Batch Mud 
Still 



B&P-scale studies 
completed for 
other sites; B&P-
scale studies 
specific to FMC P4 
waste may be 
required 



Full-scale 
applications have 
been deployed, but 
B&P-scale studies 
specific to FMC 
will inform full-
scale design 



Rhodia/Solvay, Silver 
Bow, Montana 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
LDR Waste 
Treatment System 



B&P-scale studies 
may be required to 
determine WAC 
and post-treatment 
sludge 
conditioning to 
meet land disposal 
WAC  



Full-scale 
application has 
been deployed 



FMC, Idaho Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Wet Air Oxidation Pilot-scale studies 



performed 
Pilot-scale results 
did not support 
full-scale testing 



No reference on use for 
P4 remediation found 



Not applicable Further 
consideration not 
warranted 



      
Solvent Stirred 
Batch Reactor 



Needed before full-
scale design 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Not applicable Further 
consideration not 
warranted 



      
Off-Site 
Incineration Facility 



May be required to 
ensure waste meets 
WAC of 
incineration 
facility 



Full-scale 
applications known 



APE incinerator in 
Lubben, Germany; 
Veolia incineration 
facility in Sauget, 
Illinois (for RAAP P4 
wastes); P4 wastes 
from FMC Idaho Site 
have also been 
incinerated 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Post-Treatment 
On-Site Disposal 



May be required to 
ensure waste meets 
WAC of disposal 
site 



Full-scale 
applications known 



Disposal has occurred 
at multiple P4 sites; no 
reference for on-site 
disposal of P4 waste 
after treatment was 
found 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 
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TABLE 6-1 (Cont.) 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
Post-Treatment 
Off-Site Disposal 



May be required to 
ensure waste meets 
WAC of disposal 
site 



Full-scale 
applications known 



Incinerator residues 
from the RAAP were 
land disposed off site; 
incinerator residuals 
from FMC, Idaho, 
were disposed of off 
site 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Underground 
Pipeline Cleaning 
Technologies 



Needed before full-
scale implementa-
tion 



Full-scale 
applications for 
some pipelines at 
FMC are known 



Storm sewer cleanout, 
FMC, Idaho 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
ETTs to Address 
Abandoned Railcars 



Needed before full-
scale design 



Must be preceded 
by B&P-scale 
studies 



Miamisburg, Ohio, 
train derailment; 
phosphorus railcar 
derailment, Fairfield, 
California  



Not applicable Further 
consideration not 
warranted until 
the CSM can be 
refined  



 
a “Treatment” includes P4 and P4 by-product reuse and recovery. 



 
 
distribution of the P4 in the 85-ft unsaturated zone, the capillary fringe, and the saturated zone is 
completely uncharacterized and unknown. The depiction of P4 in the subsurface (Figure 2.3) is 
nothing more than an inference or best guess. The inferred contaminant CSM may or may not be 
true. The P4 may also have behaved like a dense nonaqueous phase liquid (DNAPL) and be 
present as DNAPL-like “ganglia,” blobs, and smear zones in a more widespread, dispersed 
contaminant mass than is depicted. Such a dispersed contaminant distribution may be more 
amenable to treatment using in situ ETTs. However, since only limited attempts have been made 
to characterize subsurface P4 because of investigation worker health and safety concerns, the 
identification and evaluation of in situ ETTs are difficult. As a result, the site CSM is not refined 
enough to indicate with certainty whether a defined mass of P4 can be specifically located and 
targeted for treatment with an in situ ETT. The CSM would have to be refined before B&P 
studies are designed or undertaken.  
 



Understanding the specific retention of P4 (i.e., the amount of P4 naturally retained on 
soil particles) would be important for evaluating how successful an in situ technology can be. 
Specific retention is a property described as the ratio of the volume of water that a rock or 
sediment retains against the pull of gravity to the total volume of the rock or sediment 
(Fetter 1988). Essentially, it describes how much moisture remains if a saturated soil drains to an 
unsaturated condition. This concept can be applied to other liquids moving through soil or 
sediment. The literature lacks examples of the specific retention of P4. An estimation of specific 
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retention would improve understanding of the expected distribution of residual P4 in the 
unsaturated zone. It would also be important for designing and evaluating in situ technologies.  
 



To estimate the specific retention of P4, a set of experiments could be performed with 
vertical cylinders (e.g., 4-in. pipes mounted vertically in a warehouse) full of alluvial materials 
(with a range of grain sizes to match characteristic site alluvium). The temperature of the 
cylinders and surroundings should be 50–70°C. The temperature of the escaped liquid P4 is not 
known. Various amounts of P4 heated to various temperatures (this could be refined if that 
information were published) could be released at the top of each cylinder and, after cooling, their 
extent in the tube could be documented. Note that the repacked alluvial sediments in the tubes 
would represent disturbed samples, and their permeability would be much larger than that in the 
study area. This experiment poses a serious risk of P4 oxidizing in air and producing a great deal 
of smoke and heat. One way to resolve this issue would be to conduct the experiment in an inert 
atmosphere glove box. 
 
 Another approach for estimating the residual in the unsaturated zone would be to model 
it, relying on a range of estimates for the unknown P4 release temperature, the subsurface 
temperature, thermodynamics, and alluvium properties. 
 
 There are also uncertainties associated with the in situ ETTs. To some extent, these 
uncertainties could be assessed with bench- and pilot-scale studies. At a minimum, bench- and 
pilot-scale studies would be needed to determine the following:  
 



• Whether the in situ ETT treatment regime can be used to mobilize and cause 
the P4 or P4 reaction by-product to flow toward an extraction point;  



 
• Appropriate construction materials for the well points (e.g., mild steel, 



stainless steel, PVC, etc.);  
 



• How to safely place injection and extraction well points using direct push 
technology, air rotary, mud rotary, hollow stem auguring, or sonic drilling 
techniques;  



 
• How to inject or introduce the in situ ETT-specific treatment regime;  



• Approaches for pumping P4 and P4 reaction by-products from the extraction 
points to the surface for subsequent handling by an ex situ ETT; and 



 
• Methods for measuring the success of the in situ ETT being used.  



 
 A containment technology could be used in conjunction with a selected in situ ETT to 
improve the effectiveness of the in situ ETT and to reduce the cost of the ETT (subject to the 
cost-effectiveness of the containment system). Although the in situ ETTs are potentially 
applicable to the FMC OU, uncertainties pertaining to both the CSM and the in situ ETTs 
suggest that further consideration of these in situ ETTs is not warranted because the subsurface 
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remediation, regardless of the ETT implemented, would be incomplete. In addition, the in situ 
ETTs, with or without containment technology, would involve significant safety and cost issues.  
 
 
6.2.2 Ex situ Technologies 
 
  It appears that P4 is present in a pure or nearly pure state in some portions of the former 
FMC plant. As noted during the grading operations performed in 2015, P4 exists throughout the 
materials in the near surface. The “treatment” aspect of some ETTs includes both the treatment 
of P4 waste and the process steps for the recovery of P4 or P4 by-products for resale/reuse. 
Conceptually, as discussed in Section 5, any P4 waste subject to remediation can be “triaged,” in 
that there could be three fractions to be addressed: 
 



1. P4 waste that can be “mined” and recycled and/or reused as P4 without 
treatment; 



 
2. P4 waste that requires treatment with an ETT, resulting in either the 



generation of a reusable by-product like P4 or phosphoric acid or a waste 
residual; and 



 
3. P4 waste that does not require treatment with an ETT. 



 
 The Review Team evaluated a number of technologies that could be used to excavate 
P4 waste and then treat, recover P4 or P4 by-products in the waste on-site, or transport the waste 
off site for treatment and recovery and/or disposal (Table 6-1). The Review Team also identified 
a number of principles that influenced the way the ETTs were selected for evaluation and the 
way the evaluation was performed (see Section 4). On the basis of these general principles, and 
assuming P4 waste can be triaged as noted above, it appears that a number of technologies could 
be used to both excavate and treat P4 waste.  
 
 



6.2.2.1 Ex situ Excavation and Ancillary Technologies  
 
 A number of approaches have been used to excavate P4 waste, both at FMC in the past 
and at other locations; these approaches include mechanical excavation, cutter suction dredging, 
and thermal-hydraulic dredging. As indicated in Table 5-10, the best excavation method depends 
on the area to be excavated. Experience has been gained using these excavation methods at the 
FMC Idaho facility and at other P4 manufacturing facilities. Based upon a review of archival 
documents, it appears that that FMC used dredging systems or processes in the past to recover 
P4 in wastewater pond sediment, aid in constructing new ponds, or aid in refurbishing existing 
ponds. The Supplemental FS mentions that in the 1980s a process to recover P4 from historical 
impoundment pond 8S was “developed, built, and tested” and then closed and removed in 1993. 
The more recently constructed LDR WTS was designed with the capacity to treat dredged 
P4 wastes from Pond 18, a waste stream similar to the one that produced the P4 waste present in 
the historical ponds. 
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 It appears that FMC has also gained considerable experience with dry excavation 
methods that disturb P4 in the subsurface. Appendix C documents numerous USCs associated 
with the unplanned identification of P4 during slag movement. USCs can include either 
uncovering P4 and allowing it to burn until P2O5 smoke is no longer visible or covering P4 with 
sand. In the event slag needs to be moved to gain access to a P4 excavation area, experience 
gained when moving slag as part of the regrading project may be useful. 
 
 Due to P4 hazards such as the creation of P2O5 smoke, excavation would have to be 
followed up immediately with a suite of ancillary technologies in order to safely stage, store, 
sample, size, and blend the excavated waste to meet the acceptance criteria of whatever 
“downstream” ETT is selected. Before the excavation project could be started, a strategy for 
segregating and staging (triaging) P4 waste as part of the excavation process would need to be 
developed.  
 
 For example, post-excavation, P4 waste causing USCs could be allowed to burn in the 
open (or within a covered structure, per Section 5.3.2). More concentrated P4 waste could be 
kept submerged in a container prior to treatment or recovery/reuse as off-specification P4.  
 
 As noted above, the LDR WTS was designed and built specifically to treat dredged 
P4-containing solids and sediments somewhat similar to the P4 waste present in the historical 
ponds. In particular, the LDR WTS design features that focus on the excavation, blending, 
dewatering, sizing, and treatment of residuals from Pond 18 seem to be directly applicable to the 
treatment of the waste present in the non-RCRA historical ponds. 
 
 The P4 waste would be relatively benign if kept submerged, so copious amounts of water 
may need to be added to an excavation footprint. However, as inferred in the guiding principles, 
sufficient water is assumed to be available for such an endeavor from the groundwater 
P&T system to be constructed and operated as part of the IRODA. Furthermore, contaminant 
migration caused or exacerbated by the use of water during excavation could be addressed by 
modifications to the groundwater P&T system.  
 
 Each of the three excavation ETTs examined by the Review Team is applicable to at least 
a subset of the P4 waste at the FMC site. Each of the three excavation ETTs warrants further 
consideration.  
 
 



6.2.2.2 Ex situ Treatment Technologies 
 
 The WAO and solvent still batch reactor do not warrant further consideration. 
Incineration (either on or off site), A&W batch mud still, the LDR WTS, and drying/mechanical 
mixing under a covered structure (such as a tent) warrant further consideration.  
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 WAO 
 
 Although B&P scale studies demonstrated the efficacy of WAO, pilot-scale studies 
indicated that operation of a full-scale WAO facility would be difficult. The WAO process 
requires exacting control of operational parameters, an N2 purge, and special wet-cake handling 
issues, and it would face challenging design, operation, and permitting requirements for the 
associated air pollution control system. Furthermore, the WAO process did not compare 
favorably with the anoxic caustic hydrolysis process, which is the basis of the LDR WTS, an ex 
situ ETT described later in this section.  
 
 
 Solvent Still Batch Reactor 
 
 The solvent-stirred batch reactor ex situ treatment ETT is at an early bench-scale or 
conceptual stage. The basis for this ex situ treatment ETT is the solvent extraction procedure 
used to prepare samples for analysis by gas chromatography (EPA Method 7580). Laboratory 
testing has been performed, which involves the solvent extraction procedure preparatory to EPA 
Method 7580 (EPA 2015). As noted in Table 6-1, B&P studies would be required. For pilot- and 
full-scale solvent operation, large quantities of relatively toxic solvents would be required. The 
solvent still batch reactor does not warrant further consideration.  
 
 
 On-Site or Off-Site Incineration 
 
 The P4 waste has been treated by rotary kiln-type incineration technology at several 
domestic and international locations. The rotary kiln design is of interest for a number of 
reasons. Rotary kiln incineration systems are flexible, allowing simultaneous treatment of 
liquids, solids, and sludge with wide variations in heating value. FMC acknowledged that 
incineration technology is potentially applicable to P4 waste (MWH 2009, 2010). In at least two 
instances, FMC excavated small amounts of P4 waste (during slag ladling foundation upgrades 
and while installing utilities for the LDR WTS) and sent containers of waste off site for 
incineration. However, in the Supplemental FS, incineration was rejected because P4 waste 
excavation, preparatory to incineration, was not considered a viable option by FMC. The Review 
Team disagrees in that there appears to be a long history of P4 waste excavation at the FMC OU, 
which suggests that P4 waste could be excavated and staged in preparation for treating it using 
methods such as incineration. Furthermore, recent advances in relevant remote dredging 
technologies, such as those summarized in Section 5.2, make the development of a safe P4 waste 
excavation strategy feasible. As a result, the Review Team has determined that a rotary kiln-type 
incineration design is applicable to a subset of the P4 waste at the FMC OU. 
 
 Transportable incinerators have been used at a number of Superfund sites, as discussed in 
Section 5. The amount of P4 waste to be treated at the FMC OU may warrant the installation of a 
more-or-less permanent incinerator design, should the on-site incineration option be selected. An 
on-site incinerator would also need to address emissions and residuals. There is some potential 
that a useful by-product, phosphoric acid, could be generated as part of the incineration process 
as is the case with the APE incinerator design for the Crane Army Ammunition Plant in Indiana.  
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 For the off-site incineration option, the transportation of P4 waste off site is a major 
consideration. Since P4 waste is relatively benign if submerged in water, it can be transported in 
a water bath in containers or railcars. However, for the off-site incineration option, the transport 
of P4 over either public roads or railroad corridors from the FMC plant to the destination off-site 
incinerator is a major drawback. Depending upon the amount of P4 waste targeted for 
excavation, a large number of containers and numerous truck trips (or transportation by rail) 
would be required for transport. If a large quantity of P4 waste is to be excavated in a short 
period of time, a dedicated fleet of trucks (or railcars) may be required. Fewer railcars and train 
trips would be required, but the number of railcars and train trips would still be substantial. 
When compared to a no action approach, increased truck and train trips could result in increased 
accident frequency and a nuisance to stakeholders.  
 
 For the on-site incineration option, waste residuals will also be created that could be 
handled in an on-site disposal facility or that may need to be transported to an off-site disposal 
facility. Incinerator residuals may need to undergo waste conditioning to meet LDR UTSs, 
whether or not the incinerator residuals are disposed of on site. As discussed in Chapter 4, 
however, residuals could be placed in an on-site CAMU or CAMU-like CERCLA unit without 
meeting LDRs, as long as such disposal could be demonstrated to be acceptable, considering 
risks to human health and the environment. If incinerator residuals are transported to an off-site 
disposal facility, there could also be truck traffic nuisance and accident factors to address, and 
incinerator residuals would have to meet the WAC of the off-site disposal facility.  
 
 Despite the issues associated with the off-site transport of either P4 waste or incinerator 
residuals, the ex situ treatment ETTs of on- or off-site incineration warrants further 
consideration. 
 
 
 Drying/Mechanical with or without Containment 
 
 The Review Team has determined that this ex situ treatment ETT is applicable to a subset 
of the P4 waste at the FMC OU. This technology may be applied with or without a containment 
structure. In particular, this technology could be used to control the emissions from the USCs 
described in Appendix C, mechanical excavation of P4 waste, or the implementation of other 
ETTs, including, for example, the excavation of underground pipelines. Bench- and pilot-scale 
studies may be needed to identify the optimal concentration of P4 waste that could be handled 
with or without a containment structure and associated air pollution control equipment. However, 
this ETT is a developed technology; a full-scale version of the ETT was used for the 
Miamisburg, Ohio, incident. As a result, this ex situ treatment ETT warrants further 
consideration.  
 
 
 A&W Batch Mud Still 
 
 The Review Team has determined that this ex situ treatment ETT is applicable to a subset 
of the P4 waste at the FMC OU. This technology was examined as part of a RCRA corrective 
action study meant to address P4 waste present in a clarifier at the Rhodia/Solvay facility in 
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Silver Bow, Montana. After the treatability studies, the technology could possibly be selected as 
a component of the corrective action for the P4 waste clarifier. Using the batch mud still to treat 
materials with of P4 waste concentrations of <10%, would probably be inefficient. Residuals in 
the clarifier at the Rhodia/Solvay plant contain P4 at concentrations of around 20%. Any waste 
residuals generated by the batch mud still would need to be disposed of in either an on-site or an 
off-site landfill (and conditioned, if needed, to meet LDR UTSs).  
 
 Because this is a batch process, the throughput capacity of this ETT is small. This could 
be overcome by constructing several mud stills. Among the many positive aspects of this ETT is 
that P4 waste can be processed sufficiently to create a recyclable/reusable P4 product (along with 
some process waste). Some B&P-scale studies may be needed to establish the best operating 
conditions and the batch mud still waste acceptance criteria (WAC) WAC for the subset of 
P4 waste from the FMC OU to be treated. Given the fact that the ETT could be selected as a 
component of the corrective action plan for the Rhodia/Solvay site, this ex situ treatment ETT 
warrants further consideration. It may be advisable, however, should the mud still be selected at 
Rhodia/Solvay, to follow the activities and determine possible use at the FMC OU based on 
application at that site.  
 
 
 Land Disposal Restriction Waste Treatment System 
 
 This ex situ treatment ETT included waste feed, waste treatment, off-gas treatment, and 
residual handling systems specifically designed to treat wastes from the manufacturing process 
and to treat dredged waste from Pond 18. As designed, the LDR WTS could treat suspended 
solids ranging from 3 to 8 wt% with concentrations of P4 ranging from 0% to 50%. As a result, 
with some design modifications, this ETT is applicable to a subset of the P4 waste at the FMC 
OU. Unit treatment steps in the design included dredge material handling systems, waste solid 
strainers, a size reduction mill, and a feed system to provide for pre-treatment testing and feed 
equalization. The design also included dual chemical reactors, a wet filter cake stabilization 
system, residual waste management, and an off-gas treatment system that produces both waste 
residuals and a reusable by-product, phosphoric acid. As designed, waste residuals would be 
disposed of in an off-site landfill (and conditioned, if needed, to meet LDR UTSs).  
 
 Given that some P4 waste would need to be heavily irrigated during mechanical 
excavation, and perhaps saturated if produced by flooding and dredging an excavation footprint, 
P4 wastes generated during excavation may be somewhat similar to the Pond 18 waste the 
system was designed to accept. In addition, experience gained in performing B&P-scale 
testing—and designing and constructing (although not operating the system since the FMC Plant 
was shut down due to increased power costs)—the treatment system can be leveraged to modify 
the design to allow treatment of many kinds of P4 waste. Although the LDR WTS probably 
could not be used to treat P4-contaminated debris such as piping and concrete blocks, this ex situ 
treatment ETT warrants further consideration. 
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 Ex situ Post-Treatment Disposal: On or Off Site  
 
 Disposal in place has been practiced at a number of P4 manufacturing facilities and at the 
FMC OU. For the purposes of this independent review, the Review Team evaluated the disposal 
of residuals after the P4 content was treated. Whether or not land disposal occurs post-treatment 
in an on-site or off-site disposal facility, disposal of P4 waste post-treatment is applicable. In 
fact, land disposal of P4 treatment residuals would be essential, given that any P4 treatment 
technology would produce a waste stream that would have to be disposed of.  
 
 The treatment of P4 residuals disposed of off site would have to meet the RCRA LDR 
UTSs. For example, at one time FMC planned to dispose of LDR WTS waste solids as a 
nonhazardous waste that meets RCRA LDR UTSs in a silica mine. In contrast, P4 treatment 
residuals disposed on site could potentially be managed in an alternative land disposal unit such 
as a RCRA CAMU or a CERCLA on-site land disposal unit. For example, Rhodia/Solvay, Inc., 
suggests that some of the residuals from the batch mud still could be managed in an on-site 
CAMU.  
 
 If P4 treatment residuals are transported to an off-site disposal facility, there could be 
truck traffic nuisance and accident factors to address. However, despite the issues associated 
with the off-site transport of P4 treatment residuals, the ex situ treatment land disposal ETTs of 
on- or off-site disposal warrants further consideration. 
 
 
 Underground Pipeline ETTs 
 
 FMC has performed underground pipeline cleaning at the FMC OU (or is in the process 
of performing pipeline cleanout). Both external and internal pipeline cleaning technologies have 
a proven track record. The Review Team has determined that underground pipeline ETTs are 
applicable to FMC. Resources will have to be devoted to performing B&P testing to determine 
the viability of technologies, but commercial off-the-shelf (COTS) technologies may be well 
suited to cleaning out the underground pipeline network at the FMC OU. Should the pipelines be 
degraded or clogged, site managers also have the option of excavating sections of pipeline that 
cannot be cleaned with internal cleaning technologies. Cleaned pipelines could be abandoned in 
place and filled with inert material. They may also be removed by excavation and incinerated. 
Excavated pipeline sections would require either decontamination on-site or shipment for 
treatment off-site, for example using incineration technology. Residuals collected from cleaning 
out the pipeline would also have to be containerized and treated, perhaps in a treatment ETT 
selected for the FMC or in an off-site incineration facility.  
 
 Given the success already achieved in cleaning out the storm sewer underground 
pipelines, and given the existence of COTS technologies for pipeline cleaning, underground 
pipeline ETTs warrant further consideration.  
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 Abandoned Railcar ETTs 
 
 Several of the ETTs discussed in this document have the potential to treat the P4 waste 
present in the abandoned railcars. However, there is not sufficient information available to 
determine whether or not an ETT would be specifically applicable to the abandoned railcars. The 
presence of large quantities of nearly pure P4 in the railcars creates a unique and risky hazardous 
material challenge that should not be undertaken unless and until the CSM is refined. A refined 
CSM is necessary before the Review Team can determine whether any excavation or treatment 
ETT warrants further consideration. At this time, a viable approach appears to be to leave the 
abandoned railcars in place. This approach is somewhat similar to the approach used for the 
Fairfield, California, railcar spill incident in Suisin Marsh, in that the overturned railcars were 
covered with a concrete cap and institutional/physical controls are used to prevent the site from 
being disturbed.  
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7 RECOMMENDATIONS 
 
 
 In addition to the most significant consideration (risk to site workers during 
implementation), a decision to excavate and treat P4 waste will have several effects, including 
the following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and 
 



• Impacts on schedule and cost.  
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then a number of the ETTs either singly or in combination could be used to 
address a subset of the P4 waste. However, the ETTs are in various stages of maturity; some 
ETTs are available for use immediately, and other ETTs are in a theoretical or conceptual phase 
that will require a long lead time for development. The ETTs in a theoretical or conceptual phase 
will require a dedicated funding source to develop a one of a kind customized adaption of the 
ETT to address the unique aspects of P4 remediation. There is no guarantee that after 
development the technologies can be used successfully to excavate and treat P4. As a result, the 
Review Team recommends focusing only on mature ETTs with a proven track record that have 
been used either at the former FMC plant or at another site where P4 was handled. These ETTs 
could be used to excavate and treat P4 present in the FMC OU (Table 7-1).  
 
 Should the decision be made to excavate and treat P4 waste, project plans would need to  
consider containment technologies, in conjunction with excavation and cutter suction dredging 
and thermal-hydraulic dredging ETTs, in order to excavate and stage P4 waste for subsequent 
handling. In particular, mechanical excavation techniques are well suited to move surface soil 
and soil present at intermediate depths, and to create the slopes and benches or to install the 
shoring protection systems needed to excavate deep soil. As a possible alternative, operations 
could be conducted during colder seasons to minimize emissions.  
 
 Each of the three excavation ETTs may be potentially applicable to deep soil. To date, 
FMS has moved millions of cubic yards of slag (Appendix F). Sloping and benching to achieve 
excavation depths in excess of 85 ft would require the movement of millions of cubic yards of 
material. Soil contaminated with high concentrations of P4 may require hydraulic rather than 
mechanical excavation. Containment technologies, for example freeze wall technology, could be 
used to help create an excavation footprint that could be flooded or saturated during soil removal. 
Nevertheless, techniques such as sloping and benching in order to access P4 waste present at the 
CERCLA ponds could impact the RCRA ponds in proximity to the excavation footprint. 
Although the site operating history indicates that surface and intermediate soil layers will allow 
water to be impounded, it is not known whether or not deep soil layers can be used to create a 
flooded excavation footprint. In addition, site remediation worker risks will increase as the depth 
of the excavation increases, due to the risk of cave-ins and the potential for exposure to 
phosphine gas and phosphoric acid emissions.  
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 P4 could be treated with a number of ETTs. Each ETT has advantages and disadvantages, 
as noted in the review parameter tables discussed for each ETT. Depending on the P4 waste 
identified for excavation and treatment, excavated P4 waste could be initially staged, and less-
contaminated portions could be treated using drying and mechanical mixing under a tent 
structure. The readiness of an ETT to be used to excavate or treat P4 waste has been designated 
in Table 7-1. Readiness in this case is an estimate based on best professional judgment. The 
timespans noted for readiness are most useful when comparing ETTs to each other in that some 
ETTs probably require more preparation time before implementation than others. The accuracy 
of the timespan estimate is best for the “near-term” readiness category. For example, the near-
term category (within 1 year) is estimated to be correct for technologies with real world 
examples that are available currently. By way of example, as noted in the text, P4 waste from 
FMC and other sites has been mechanically excavated, containerized, and shipped off site for 
treatment in an off-site incinerator. Accuracy decreases for the mid-term and the long-term 
readiness category. The ETTs that could be readied in the mid-term would require a longer 
preparation time because the ETTs (dredging or the pipe cleaning technologies) would likely 
require a water component involving modifications and operation of the P&T system (to provide 
access to a water source) and may include preparing containment features to allow for the 
excavation footprint to be flooded. ETTs in the long-term readiness category are assumed to 
require a longer lead time to address design and approval requirements and waste acceptance 
criteria. 
 



Technologies ready in the near-term (within 1 year) include mechanical excavation, 
containment technologies, off-site incineration, and drying mechanical mixing under a tent 
structure. 
 
 Technologies that could be readied in the mid-term (1 to 2 years) include cutter suction 
dredging, thermal-hydraulic dredging, and underground pipeline cleaning technologies.  
 
 Technologies requiring a longer lead time (2 to 5 years) include on-site incineration, 
LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-treatment off-site 
disposal.  
 
 If a decision is made to excavate and treat P4 waste, stakeholders  could proceed as 
follows: 
 



• Identify the P4 waste to be excavated and treated;  
 



• As part of the P4 excavation project plan development process, refine the 
existing CSM of the three-dimensional distribution of P4 to be excavated and 
treated (the model should address the anticipated P4 concentrations and the 
physical and chemical characteristics of the host media); 



 
• Determine whether the risk to site investigators created by collecting samples 



containing P4 as needed to refine the CSM are acceptable (if the CSM cannot 
be sufficiently refined, an excavation and treatment plan robust and flexible 
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enough to characterize, stage, and treat P4 waste as excavation occurs will 
need to be developed); 



 
• Select the treatment technologies required to treat the identified waste within 



the desired schedule; 
 



• Select the excavation and ancillary technologies required to excavate and 
stage the identified waste in preparation for treatment;  



 
• Determine the sequence of actions, including plan development, applications, 



and approvals; and 
 



• Implement the actions.  
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TABLE 7-1 Readiness of Technologies for Excavating or Treating P4 Wastea 



 P4 Waste Type 



ETT 
Process 
Wasteb 



Contaminated 
Surface Soilc 



Contaminated 
Soil at 



Intermediate 
Depthd 



Contaminated 
Deep Soile 



Contaminated 
Debrisf 



Containment Technologies     Potentially 
applicable 



 



Mechanical Excavation    Potentially 
applicable 



 



Cutter Suction Dredging    Potentially 
applicable 



Not 
applicable 



Thermal-Hydraulic Dredging    Potentially 
applicable 



Not 
applicable 



On-Site Incineration     



Drying – Mechanical Mixing 
under Tent Structure 



Not 
applicable 



   Not 
applicable 



A&W Batch Mud Still   Not 
applicable 



Not 
applicable 



Not 
applicable 



LDR Waste Treatment System     Not 
applicable 



Off-Site Incineration Facility     



Post-Treatment On-Site Disposal     



Post-Treatment Off-Site Disposal     



Underground Pipeline Cleaning 
Technologies 



   Not 
applicable 







 
a A checkmark indicates the ETT could be used to excavate and/or treat a subset of the P4 waste at the FMC OU. 



The color green indicates a technology that could be ready in the short-term (within 1 year); blue indicates a 
technology that could be ready in the mid-term (1 to 2 years); yellow indicates a technology that could be ready in 
the long term (3 to 5 years). “Treatment” includes P4/P4 by-product reuse and recovery. 



b “Process waste” includes phossy water, phossy solids, precipitator slurry, slag, and slag-related and treatment 
residuals from kiln and calciner off-gas treatment. 



c “Surface soil” is soil that can be safely accessed by site workers using benching, sloping, or laybacks. 



d “Intermediate depth” in this case includes soil that is present at depths at which shoring is required to comply 
with Subpart P, “Excavations,” of 29 CFR 1926.652 (i.e., Part 1926, “Safety Regulations for Construction”) to 
address the potential for cave-ins. 



e “Deep soil” in this case is soils in excavations that are more than 20 ft deep; excavations would have to be 
designed by a professional engineer to satisfy 29 CFR 1926.652. Benching or 3:1 sloping required to excavate 
deep soil would likely affect RCRA ponds. Risks to remediation workers due to cave-ins and exposure to 
phosphine and phosphoric acid may increase with an increase in excavation depth. 



f “Contaminated debris” includes man-made items, such as concrete, reinforced concrete, piping, tanks, lumber, 
and sheet metal. 
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8 SUMMARY AND CONCLUSIONS 
 
 
 In September 2012, the EPA issued an IROD for the FMC Operable Unit in Pocatello, 
Idaho (EPA Region 10 2012a). In the Supplemental RI/FS, a review of technologies that could be 
implemented to address the P4 in the soil (the principal threat waste) was conducted 
(MWH 2010). On the basis of that review and CERCLA’s nine criteria, the EPA determined that 
capping was the preferred approach. However, the Tribes favor the permanent removal and/or 
treatment of contaminants. The Tribes have expressed concerns regarding the previous review 
conducted on potential treatment technologies. To address the Tribes’ concerns, the EPA and the 
Tribes agreed to have Argonne perform an independent review of technologies, referred to as 
ETTs, which could be used to treat the principal threat waste. The framework of how the 
independent review was to be performed was arrived at by consensus and documented in a Work 
Order. The Work Order was developed during a face-to-face meeting with EPA and the Tribes 
and was refined in a follow-up teleconference in the spring and summer of 2014. For the 
purposes of this independent review, an ETT was assumed to be a technology that can excavate 
and/or treat P4 waste. The P4 was assumed to be process waste, soil, and debris (debris in this 
case being considered a man-made object containing or contaminated with P4). 
 
 In response to the Work Order, Argonne established an expert Review Team to perform 
the tasks established in the Work Order. In part, the Work Order directed the Review Team to 
identify ETTs that warranted further consideration. Since some ETTs also involve excavation 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered reasonable potential for successfully and safely addressing the P4 waste. Only 
those technologies that made this cut are examined in detail in this report. The technologies were 
categorized into groups depending on their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 
 



• Ex situ treatment technologies, including both on and off site; and 
 



• Ex situ (off-site) disposal technologies. 
 
 In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and abandoned railcars warranted special consideration. Technologies 
addressing these special cases were also included.  
 
 The Review Team examined in detail 18 ETTs that could potentially be applicable for 
excavating and treating P4 waste at the FMC OU. The technologies examined ranged in maturity 
from theoretical or conceptual stages to real-world examples of treating P4 waste in full-scale 
systems. 
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 Although the in situ ETTs examined are potentially applicable to the FMC OU, 
uncertainties pertaining to both the CSM and the in situ ETTs suggest that further consideration 
of in situ ETTs is not warranted because the subsurface remediation, regardless of the ETT 
implemented, would be incomplete. In addition, the in situ ETTs, with or without containment 
technology, would involve significant safety and cost issues. The health and safety concerns 
would be caused by the need to perform additional site characterization work. 
 
 The Review Team decided that several ex situ ETTs did not warrant further 
consideration; these included solvent-stirred batch reactor, WAO, and technologies considered 
for abandoned railcars. Further consideration of WAO is not warranted due to operational issues. 
The solvent still batch reactor was rejected because the process is only in the bench-scale stage. 
Insufficient information is available to determine whether or not an excavation or treatment ETT 
would be specifically applicable to the abandoned railcars. A refined railcar CSM is necessary 
before the Review Team can determine whether any excavation or treatment ETT warrants 
further consideration. 
 
 After the evaluation process, the Review Team determined that the following ETTs 
warrant further consideration:  
 



• Containment technologies, 
 



• Mechanical excavation, 
 



• Cutter suction dredging,  
 



• Thermal-hydraulic dredging, 
 



• On-site incineration, 
 



• Drying – mechanical mixing under tent structure, 
 



• A&W batch mud still, 
 



• LDR waste treatment system, 
 



• Off-site incineration facility, 
 



• Post-treatment on-site disposal, 
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• Post-treatment off-site disposal, and 
 



• Underground pipeline cleaning technologies.  
 
 In addition to the most significant consideration, risk to site workers during 
implementation, a decision to excavate and treat P4 waste will have several effects, including the 
following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and 
 



• Impacts on schedule and cost.  
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used in 
combination to treat only a subset of the P4 waste present at the site. Concerns about the health 
and safety of investigation site workers using the then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of the site, 
including, for example, the railroad swale, the vadose zone beneath the Furnace Building, and 
the abandoned railcars. It appears that no attempt was made to experiment with or to use 
alternative characterization methods (such as modified PPE), nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, etc.) as part of the investigation. As a result, 
the CSM in those particular areas is not refined enough to allow a full evaluation of ETTs and to 
allow the Review Team to draw conclusions about the efficacy of the ETTs examined. However, 
in other areas of the site, for example, the historical ponds, process knowledge (information 
about process waste stream discharged to the historical ponds) and the information gathered 
during both the CERCLA investigations and the RCRA-related investigations provide the 
information needed to determine whether or not the ETTs considered warrant further 
consideration for treating P4 those areas. The readiness of an ETT for implementation varies 
depending on many factors, including stakeholder input, permitting, and remedial action 
construction requirements. Technologies ready in the near term (within 1 year) include 
mechanical excavation, containment technologies, off-site incineration, and drying and 
mechanical mixing under a tent structure. Technologies that could be ready in the mid-term (1 to 
2 years) include cutter suction dredging, thermal-hydraulic dredging, and underground pipeline 
cleaning technologies. Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-
treatment off-site disposal. 
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Greg Gervais, P.E.
Chief, Technology Assessment Branch | EPA OLEM OSRTI TIFSD
1200 Pennsylvania Ave NW, MC 5203P | Washington, DC 20460
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From: Martino, Louis E. [mailto:martinol@anl.gov] 
Sent: Monday, February 01, 2016 3:10 PM
To: Kelly Wright <kwright@sbtribes.com>; Jill Grant <jgrant@jillgrantlaw.com>; susanh@ida.net;
 dreisman@cinci.rr.com; Gervais, Gregory <Gervais.Gregory@epa.gov>; Adam, Michael
 <Adam.Michael@epa.gov>; Fiedler, Linda <Fiedler.Linda@epa.gov>; Fonseca, Silvina
 <Fonseca.Silvina@epa.gov>
Cc: Kimmell, Todd A. <tkimmell@anl.gov>; Quinn, John <quinnj@anl.gov>; Jerden, James L., Jr.
 <jerden@anl.gov>
Subject: 1st of two emails with final report
 
All,
 
Attached please find the main text of the report. Another email will follow with appendices (to be sure
 large files get through file size walls at your organization). I know I am speaking for the Argonne team
 when I indicate that it has been a pleasure working with all of you. Thanks again for giving us the
 opportunity to work on this technically challenging project.
 
Louis Martino
Argonne National Laboratory
955 L'Enfant Plaza SW Suite 600 
Washington DC 20024
 
 
202 488 2422
fax 2413
mobile 443 538 4260
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From: Williams, Jonathan
To: Madabhushi, Sriram [USA]
Cc: Zavala, Bernie; Benchouk, Michele [USA]; McDonnell, Kimberlee
Subject: FW: DEQ Draft comments on the FMC OU Groundwater Remedy 60% design.
Date: Wednesday, February 17, 2016 1:30:21 PM
Attachments: DRAFT Comments on 11302015 60Percent GWRemady_sm.docx


As discussed earlier today, attached are draft comments from IDEQ developed so far. 
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Scott.Miller@deq.idaho.gov [mailto:Scott.Miller@deq.idaho.gov] 
Sent: Wednesday, January 13, 2016 9:26 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: DEQ Draft comments on the FMC OU Groundwater Remedy 60% design.
 
Jonathan,
Attached are DEQ’s draft comments on the above referenced design. Doug and Wayne are
 in the process of reviewing the compiled comments so there may be some changes later,
 but I wanted to get these out to you in time for you to read over for tomorrow’s meeting.
 
Regards,
Scott
 
 


Scott A. Miller, P.G.
Environmental Hydrogeologist
Idaho Department of Environmental Quality
1410 N. Hilton
Boise ID 83706
ph: (208) 373-0502
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DRAFT***January 13, 2016***DRAFT 
 



DEQ REVIEW OF THE FMC OU REMEDIAL DESIGN GROUNDWATER REMEDIAL 
ACTION INTERMEDIATE ENGINEERING DESIGN SUBMITTAL AND 



SUPPORTING DOCUMENTS NOVEMBER 2015 
 



Intermediate Engineering Design 



General Comments 
1. DEQ believes that the RA-G groundwater injection design proposal constitutes a major design 



change that FMC has not demonstrated and documented as a workable viable or appropriate 
solution. Areas of concern where FMC failed to establish the viability of this option include: 



• Inadequate demonstration of injection effects at the joint fence line area including the 
fate of the current contaminant plume and effects on Simplot’s extraction system  



• Inadequate demonstration on any adverse injection effects to the FMC extraction 
system  



• Inadequate demonstration of the shallow aquifer’s capacity to receive the injected 
water and what may occur if the hydraulic divide does not form as anticipated 



DEQ finds the proposed design modifications incompatible with the existing FMC and Simplot 
RODs. DEQ recommends injection of treated water at RA-G/joint fence line as a design 
alternative be eliminated.  



2. Further discussion concerning the proposed construction and predicted impacts to the 
extraction system of Pond 3 water treatment partition and stormwater partition is required. The 
discussing must include details of how these ponds are to be constructed and how the operation 
of the ponds in the current proposed location may or may not affect the groundwater remedy 
and the fate of the contaminant plume.  



Specific Comments 
1. Section 2.5 Nature and Extent of Groundwater and Surface Water Contamination. Update this 



section to include a summary of the recent hydraulic testing that has been conducted at the 
FMC OU including pump tests and slug tests. These tests have a direct impact on the 
understanding of the transport of site related COCs and the design of the extraction system.  



2. Section 5.2.1 Process Description.  Clearly state, in this section, if both treatment trains will be 
run concurrently, alternately, or one will be run as a backup.  In other words will the plant be 
running at a capacity of 600 or 1200 gallons per minute? 



3. Section 5.3.5 Electrical Criteria. Clearly state, in this section, how the cap integrity will be 
maintained with either power scheme.   



4. Section 5.4.1 Infiltration Basin in Western Undeveloped Area. This section states discharge of 
treated groundwater will be to an infiltration basin in the WUA.  This section also indicates a 
design flow of 530 GPM contrasting to 600 GPM design flow stated in previous sections. Please 
rectify these discrepancies.   











5. Section 5.4.2, Infiltration in RA-G North. This section references a section 4.5 and an Appendix 
H.  These are not within this document. Please correct. 



6. Section 5.4.2, Infiltration in RA-G North This section references modeling results in Figure 4-
1B.  This figure shows extraction system design. Please correct. 



7.  Section 5.4.2, Infiltration in RA-G North. The top of page 5-9 states modeling results indicate 
injection of the treated groundwater would result in the establishment of a groundwater mound 
approximately 10 feet high within the injection area. The groundwater mounding/hydraulic 
barrier is not apparent in any of the figures provided in this report including the referenced 
Figure 4-1B. Provide a figure(s) using model predicted potentiometric surfaces that support the 
statements made in this section.  



8. Section 5.4.2, Infiltration in RA-G North, bullets. Add a bullet that acknowledges and briefly 
describes the dilution effect on the contaminant plumes and all surrounding extraction systems.  



9. Figures 5-1A and 5-1B. Replace the potentiometric surface with the model predicted 
potentiometric surfaces for the infiltration basin and the RA-G injection alternatives, 
respectively. Figures may need to be developed that focus on treated groundwater disposal 
areas to adequately show projected impacts.  



Appendix A 60% Design Drawings 



General Comments 
1. Page numbers have been revised from the 30% design without referencing changes made to the 



60% design.  This has made it difficult to verify if changes or responses have been done. 



Specific Comments 
1. G-00-102:  Add hatching in the legend for gravel for shoulders, infiltration area, and other 



hatching used in the plans. 
2. C-01-101A:  Label other waterline that comes from the west. 
3. C-01-101A:  The plans show infiltration wells but lack specification on how water will be 



delivered to the wells. 
4. C-01-102A:  Some of the pipelines have angles that are not fractional of 90 degrees. 
5. C-01-102A:  Separation of the water line and the septic drain field will need to be verified. 
6. C-01-102A:  Pipeline west of EW-A is labeled as TW.  This should be corrected. 
7. C-01-102A:  Describe how the 2” pipeline connects to the RW line. 
8. C-01-102A:  Details and specifications will be needed on the RW & TW pipelines. 
9. C-01-102A:  Details and specifications will be needed on the potable and sanitary sewer 



pipelines. 
10. C-01-102B:  Some of the pipelines have angles that are not fractional of 90 degrees. 
11. C-01-102B:  Separation of the water line and the septic drain field will need to be verified. 
12. C-01-102B:  Pipeline west of EW-A is labeled as TW.  This should be corrected. 
13. C-01-102B:  Describe how the 2” pipeline connects to the RW line. 
14. C-01-102B:  Details and specifications will be needed on the RW & TW pipelines. 
15. C-01-102B:  Details and specifications will be needed on the potable sanitary sewer pipelines. 
16. C-01-103A:  Indicate well spacing or include Northing, Easting location of wells. 
17. C-01-103A:  Show the drainage slope of the pavement. 
18. C-01-103A:  Describe how the TW line will connect with the injection wells. 











19. C-01-103A:  Call out what the hatching is (cobbled area) that is exterior to the water treatment 
plant roadway.  



20. C-01-103A:  Mechanical sheet shows two RW lines going into the building. This sheet shows 
three RW lines.  Correct this discrepancy.   



21. C-01-103B:  Mechanical sheet shows two RW lines going into the building. This sheet shows 
three RW lines.  Correct this discrepancy.   



22. C-01-103B:  Show the drainage slope of the pavement. 
23. C-01-103B:  Call out what the hatching is (cobbled area) that is exterior to the water treatment 



plant roadway.   
24. C-01-104A Indicate well spacing or include Northing, Easting location of wells. 
25. C-01-104A:  Show the drainage slope of the pavement. 
26. C-01-104A:  Describe how the TW line will connect with the injection wells. 
27. C-01-104A:  Call out what the hatching is (cobbled area) that is exterior to the water treatment 



plant roadway.   
28. C-01-104A:  Mechanical sheet shows two RW lines going into the building. This sheet shows 



three RW lines.  Correct this discrepancy.   
29. C-01-104B:  Place pond volume on the drawing. 
30. C-01-104B:  Include discharge into pond and the termination detail of the TW pipeline. 
31. C-01-105:  Include on the plot plan FMC property lines and the Tribal boundary. 
32. C-01-105:  Symbols and colors are missing in the legend for the infiltration wells. 
33. C-01-107:  Show how the discharge into the pond will be terminated. 
34. C-01-107:  It is unclear what the off-spec pipeline and water treatment partition is for. 
35. C-01-107:  Indicate whether this pond will be lined. 
36. C-01-107:  Bollards will need to be placed around the wet well turbine pump. 
37. C-02-101:  Indicate the thickness of the bentonite slurry seal between the bentonite grout and 



the filter pack. 
38. C-02-102:  Drop pipe from the pitless adapter should extend to normal ground water level 



within the well to prevent cascading and surging. 
39. C-02-102:  Indicate the height of the well above ground surface on detail 6. 
40. C-02-102:  On detail 6 correct the reference page to be -104A and not just -104. 
41. C-02-102:  Indicate the thickness of the bentonite slurry seal between the bentonite grout and 



the filter pack. 
42. C-02-104:  Indicate the direction that the pipe slopes in detail A. 
43. C-02-104:  Detail 1, 3, and A: indicate the size of the pipe. Also, how will the pipe boot be 



attached to the pipe as shown? 
44. C-02-104:  Indicate if the liner shown in detail 2 will be on the entire pond bottom or just in the 



sump. 
45. C-02-104:  Include more information about pond liner construction details, venting, anchoring, 



seams, and other detail to construct it. 
46. C-02-104:  The vertical turbine pump will need to be incased in a pump can to prevent migration 



of untreated or water not meeting GW standards and also to prevent dilution or pumping of 
shallow ground water. 



47. A-01-101:  Describe what FE-2 is on the lower LF plan. 
48. PFD-01-101:  There is a “Pond-02” reference.  This needs to be corrected to “Pond-03”  if this 



pond is used. 
49. M-00-102:  Heated tracer tape will need to be added to detail M-910. 
50. M-01-101:  In grid 2A, only two feed lines for the RW or “off spec” water is shown here.  Civil 



plans show three. Correct this discrepancy. 











51. M-01-101:  The six inch line for the roll-off container is not shown on the civil plans.  Please 
revise to correct the discrepancy.   



52. M-01-102:   Typical size of sanitary sewer line is 6” for laterals not 3” as shown.  Please correct. 



Appendix E Construction Quality Assurance Plan 



Specific Comment 
1. Section 2.2.1 Pre-Construction Meeting. Include the agencies as stakeholders in the pre-



construction meeting. 



Appendix G Infiltration Basin/Galley Geotechnical Evaluation Report 



Specific Comments 
1. Section 1.3 Purpose and Scope of Report. This section states previous modeling has shown that 



a hydraulic divide will be created at the proposed RA-G treated groundwater injection locations 
and that the divide will have the benefit of keeping Simplot’s water on their side of the fence as 
well as forcing more flow towards the FMC extraction system. Provide references in this section 
to where these statements are verified and where potential impacts to Simplot’s extraction 
system(s) are evaluated. 



2. Section 1.4 Document Organization, page 1-2. In the first sentence of this section change “Work 
Plan” to “Evaluation Report”. 



3. Section 2.1 RA-G North Area Investigation and 2.2 Western Undeveloped Borrow Area 
Investigation. Provide, in these sections, the rationale for the sampling depths chosen in each 
borehole or area.  



4. Table 3.1, Summary of Soil Geotechnical Testing and Associated Results, page 3-2. Provide the 
units in which the Saturated Hydraulic Conductivities are presented. 



Performance Standards Verification Plan 



Specific Comments  
1. Section 3.2. Target Capture Zone. Describe, in this section, what a target capture zone is, its 



importance, and how it was developed for this project.  



Groundwater Operation, Monitoring and Maintenance Plan 



Specific Comments 
1. Section 4.1 Water Quality Monitoring Parameters and Schedule. Clarify, in this section, how 



holding times will be met on the weekly and monthly composite sample composed of 
automated and weekly composite samples for all analytes on the expanded list.  



2. Section 4.1 Water Quality Monitoring Parameters and Schedule and Section 4.2.2 Composite 
Sample Collection and Laboratory Analysis. Section 4.1 states automated samples will be 











collected every 2 hours for weekly composite while Section 4.2.2 states the automated samples 
will be collected every 4 hours. Correct accordingly.  



3. Table 4.2 Expanded Analyte List. Add a column for holding times required by each analytical 
method.  



4. Section 4.2.2 Composite Sample Collection and Laboratory Analysis. Be specific; state the 
sample volume of automated samples. Clarify if the automated samples will be collected directly 
into a 250 ml pre-preserved bottle containing all collected automated samples for that week or 
will each automated sample be collected in its own container and mixed at the end of the week. 
Explain how weekly samples will be split, stored, and composited to derive the monthly sample, 
include the volume of each sub-sample and the final sample volume.  



Draft CERCLA Groundwater Monitoring Plan 



General Comments 
1. Include a discussion of the Assessment Area and Compliance Area early-on in the plan; possibly 



in Section 3. The discussion will include the basis for development of the areas, their role in the 
assessment of the ground water remedy, and what standards are to be met in each area (i.e. 
Assessment Area – MCLs, Compliance Area – surface water quality standards).  



2. Include EPA 2008, Systematic Approach for Evaluation of Capture Zones at Pump and Treat 
Systems in the Reference section. 



3. Section 4.3 states demonstrating hydraulic control of the groundwater extraction system will be 
accomplished in accordance with EPA 2008. EPA’s 2008 document recommends the use of 
piezometers installed near each extraction well to monitor water levels/drawdown at each 
extraction well to avoid errors in the hydraulic control assessment associated with well loss in 
the extraction wells. Include a discussion, in the monitoring plan, regarding the installation of 
the recommended piezometers or how FMC proposes to correct water level measurements for 
well loss from the extraction wells.  



4. Appendix A and B are not presented in the draft plan, hence, statements made in the plan 
referencing either appendix could not be verified.   



Specific Comments 
1. Tables heading page ii. Correct page number for Table 2.1. 
2. Acronyms/Abbreviations; Add SAP and WMU. 
3. Section 1.1 Background, second paragraph, third line, page 1-1. Replace “Plant Operable Unit 



(OU)” with “OU”; “OU” is defined earlier on page.   
4. Section 2.1.1 GRRA Groundwater Monitoring, first paragraph, first line, page 2-1. Define 



WMU. 
5. Section 2.3.1 Nature and Extent…, second paragraph, line two, page 2-7. Replace “2010” with 



“2008”.  
6. Section 2.3.3 Groundwater Fate and Transport, first bullet, page 2-10. Converging groundwater 



flow from the northwest is not evident in Figure 2-3 or other information provided. Please 
clarify. 



7. Table 3.1, page 3-4. At a minimum, add CERCLA monitoring wells 515 and 523 (as listed in 
Section 2.2) to monitor the northern extent of the plume(s). 











8. Table 3.1, note d, last sentence, page 3-5. Remove sentence or rewrite to state groundwater 
monitoring is likely not possible at depths shallower than 168 feet bgs.  



9. Section 4.1.2 Quantitative (Statistical) Evaluation, item 1), page 4-2. It is agreed that comparing 
all upgradient monitoring wells to all downgradient monitoring wells at the site is not 
appropriate and intra-well analyses many be the most appropriate approach. However, some 
comparisons of certain upgradient and downgradient monitoring wells may be perfectly 
acceptable. Remove the statement concerning inter-well analysis and provide other justification 
for the use of intra-well analysis. 



10. Section 4.1.2 Quantitative (Statistical) Evaluation, item 1). Data sets should be analyzed for 
seasonal trends prior to conducting a Mann-Kendall test and, if present, seasonal trends should 
be removed or a Seasonal Mann-Kendall test run. 



11. Section 4.1.2 Quantitative (Statistical) Evaluation, page 4-3. It is agreed that the Mann-Kendall 
test does not require special treatment of non-detects in the case of a data set with a single 
detection limit present or if multiple detection limits are present and no detections were made 
between the detection limits. In a case of a data set with multiple detection limits and detects 
present between those limits, special treatment of the data is necessary and simple 
replacement is not appropriate. Please indicate which statistical methods/tests will be used 
when the method or test described in this section is not appropriate.  



12. Section 4.2 Integration of Evaluation of CERCLA…, first paragraph, first sentence, page 4-4; No 
groups for data evaluation are identified in Section 4.1 or 4.2 as stated. Please define these 
groups. 



13. Section 4.4 Evaluating Extraction System…, sixth bullet. State over what time frame or the size 
of the data set that will be used to derive indicator parameter mean values (i.e. six years of data 
or a minimum of 12 data points).  



14. Figure 2-1. Place a blue circle around the symbol representing CERCLA monitoring well 515. 
15. Figure 3-1. Place a blue circle around the symbol representing CERCLA monitoring well 515, and 



523. 
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From: Susan Hanson
To: Williams, Jonathan
Cc: Terrell and Richard POETON; Kelly Wright; Scott.Miller@deq.idaho.gov Miller; Wayne.Crowther@deq.idaho.gov 


(Wayne.Crowther@deq.idaho.gov); Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA]; McDonnell, 
Kimberlee; David Reisman


Subject: Re: Proposed Soil Remedy RD/RA Calls with FMC
Date: Friday, February 19, 2016 1:08:58 PM


Jonathan, 


As a FYI,  David Reisman, formerly Director of ORD with EPA may be of assistance to you 
on the gas monitoring issue. In addition, the RCRA program also had an individual contracted 
to EPA to assist with monitoring. 


Susan Hanson


On Feb 19, 2016, at 2:04 PM, "Williams, Jonathan" <Williams.Jonathan@epa.gov> wrote:


Rick and others:
 
I received a brief call from Marjo earlier today.  FMC is thinking that installation of 
Radon mitigation systems in the planned RA-G North buildings will meet RAO #1 (see 
page 36 of the IRODA) and also address any other subsurface gases which might 
underlie those buildings when constructed.  She asked us to consider that approach 
prior to our teleconference next Tuesday.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Terrell and Richard POETON [mailto:rtpoeton@msn.com] 
Sent: Thursday, February 18, 2016 4:15 PM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>; Kelly Wright 
<kwright@sbtribes.com>; susanh@ida.net; 
Scott.Miller@deq.idaho.gov;Wayne.Crowther@deq.idaho.gov; 
Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA] 
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<Benchouk_Michele@bah.com>; Terrell and Richard POETON <rtpoeton@msn.com>; 
McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
 
I am available both days. Just send me the details.
Thanks.
 
 
Richard W. Poeton
1 Monument Ave
Old Bennington, VT 05201
rtpoeton@msn.com
802-753-7760
 
 
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 7:12 PM
To: Kelly Wright; susanh@ida.net; Scott.Miller@deq.idaho.gov; 
Wayne.Crowther@deq.idaho.gov; Douglas.Tanner@deq.idaho.gov; Benchouk, Michele 
[USA]; Poeton. Rick; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
 
FMC has proposed a couple of conference calls with EPA, IDEQ, and the Tribes to 
discuss EPA comments of 2/6/16 on the soil remedy RD/RA deliverables. The intent is 
to hear how FMC plans to revise deliverables in response to EPA comments, and 
provide feedback needed to help FMC develop high-quality resubmittals. 
 
Please alert me about your availability on the follow days.  Thanks.
 
Friday, Feb. 19 to discuss gas monitoring plan comments
 
Tuesday, Feb. 23 to discuss construction sequencing, PSVP and OMM&P comments
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: Sheldrake, Beth
Cc: McDonnell, Kimberlee
Subject: FW: EPA Comments on FMC OU Final Soil Remedy RD and RAWP
Date: Friday, February 12, 2016 12:18:23 PM


Here’s the initial response from Marjo. 
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Marguerite Carpenter [mailto:MARGUERITE.CARPENTER@fmc.com] 
Sent: Sunday, February 07, 2016 3:57 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: Re: EPA Comments on FMC OU Final Soil Remedy RD and RAWP
 
Jonathan
Thank you for getting these out in time for us to address on Monday.
Marjo


Marguerite Carpenter
FMC Corporation
 


On Feb 7, 2016, at 1:22 AM, Williams, Jonathan <Williams.Jonathan@epa.gov> wrote:


Marjo:
 
Attached are  EPA comments on the soil remedy final Remedial Design Report,
 Supporting RD/RA Documents and the Remedial Action Work Plan which were
 submitted under the UAO for RD/RA at the FMC OU.   These comments were
 developed in coordination with the Shoshone-Bannock Tribes and Idaho Department
 of Environmental Quality.
 
As stated at the beginning of the comments, these submittals need revision, are
 disapproved, and resubmittal consistent with EPA comments is required within two
 weeks.  Please contact me if you have questions about the attached comments.
 
Jonathan Williams, LHG
Remedial Project Manager
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U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 
 


Click here to report this email as spam.


<Comments on Final Soil Remedy RD and RAWP 2-6-16 .pdf>
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From: Williams, Jonathan
To: Sheldrake, Beth
Cc: McDonnell, Kimberlee
Subject: FW: EPA Comments on FMC OU Final Soil Remedy RD and RAWP
Date: Friday, February 12, 2016 12:22:50 PM
Attachments: Comments on Final Soil Remedy RD and RAWP 2-6-16 .pdf


FYI
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Williams, Jonathan 
Sent: Saturday, February 06, 2016 10:23 PM
To: 'Marguerite Carpenter' <MARGUERITE.CARPENTER@fmc.com>
Cc: Rob Hartman <Rob.J.Hartman@mwhglobal.com>; 'Benchouk, Michele [USA]'
 <Benchouk_Michele@bah.com>; Poeton. Rick <rtpoeton@msn.com>; 'Kelly Wright'
 <kwright@sbtribes.com>; susanh@ida.net; 'Scott.Miller@deq.idaho.gov'
 <Scott.Miller@deq.idaho.gov>; 'Wayne.Crowther@deq.idaho.gov'
 <Wayne.Crowther@deq.idaho.gov>; 'Douglas.Tanner@deq.idaho.gov'
 <Douglas.Tanner@deq.idaho.gov>; McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: EPA Comments on FMC OU Final Soil Remedy RD and RAWP
 
Marjo:
 
Attached are  EPA comments on the soil remedy final Remedial Design Report, Supporting RD/RA
 Documents and the Remedial Action Work Plan which were submitted under the UAO for RD/RA at
 the FMC OU.   These comments were developed in coordination with the Shoshone-Bannock Tribes
 and Idaho Department of Environmental Quality.
 
As stated at the beginning of the comments, these submittals need revision, are disapproved, and
 resubmittal consistent with EPA comments is required within two weeks.  Please contact me if you
 have questions about the attached comments.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
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February 6, 2016 



EPA COMMENTS 



Remedial Design Report, Remedial Action Work Plan, Supporting Documents 



Unilateral Administrative Order (UAO) for Remedial Design and Remedial Action 



EPA Docket No. CERCLA-10-2013-0116 



FMC Operable Unit of the Eastern Michaud Flats Superfund Site, Pocatello, ID 



  



On December 23, 2015, FMC submitted a Final (100%) Soil Remedy Engineering Remedial 



Design Report (RDR), Remedial Action Work Plan (RAWP), and supporting documents.   



On January 13, 2016, FMC submitted appendices A-1 and B-1 to the RAWP for remedial action 



construction at RA-G North.  The Contractor Construction Plan and Construction Quality 



Assurance/Quality Control Plan, Appendices A-1 and B-1, are for a portion of RA-G where 



commercial development is planned to occur after the soil remedy has been constructed.   



 



Below are EPA’s comments on the Final Soil Remedy Engineering Remedial Design Report 



(RDR), Remedial Action Work Plan (RAWP) including Appendices A-1 and B-1, and the 



RD/RA supporting documents.  These submittals require revision, and are disapproved under 



paragraphs 60 and 61 of the subject UAO.  FMC shall address the comments, correct the 



deficiencies, and resubmit for approval within 14 days. 



 



These comments do not address the draft Institutional Control Implementation Assurance Plan 



(ICIAP) submitted in January 2015.  EPA comments on the draft ICIAP will be provided 



separately. 



 



 



A. Comments on the RDR and RAWP Related to Redevelopment Addendum 



Comments Provided by EPA November 25, 2015 and FMC’s Response to Comments of 



December 23, 2015 



 



Comment 1: Ground Settlement and Subsidence.  As noted in the response from FMC, an 



independent Geotechnical Design Report and design drawings were provided in Appendix H to 



the Final RDR.  This includes an initial report (June 23, 2015) which did not consider the 



proposed gamma cap design or grading plan, and subsequent addenda (August 7 and 28, 2015) 



which account for the gamma cap required for RA-G North.   



 



a. On page 8 of the initial report, the consultant concludes that “fill is variable in density 



and not suitable for support of structural elements, without the potential for long-term 



subsidence.”  Accordingly, the consultant proposes that portions of the existing fill be 



excavated and reinstalled in a controlled compacted manner to accommodate overlying 



paving and structures.  Placement of three layers of geogrid will also be placed beneath 











(and extending five feet beyond the footprint of) proposed structures.  FMC must discuss 



how such actions will impact construction and integrity of the gamma cap in this area.  In 



addition, FMC must expand Section 3.2.1.1 of the PSVP to note that the final status 



survey will include an assessment of gamma cap equivalency for reinstalled, compacted 



fill in the roadways, parking areas, and laydown areas (as noted on page 13 of the 



response to comments letter), as well as compacted fill foundations associated with the 



Valley facility features.  FMC must clarify how it intends to perform final status surveys 



in RA-G North areas where building construction takes place.  Because the proposed 



aggregate base corresponds to the gamma cap’s primary shielding layer beneath proposed 



RA-G structures, this layer must be shown to provide adequate protection from gamma 



exposures.  Potentially removable overlying structures or features (e.g., concrete slab on 



grade), which correspond to the gamma cap buffer, should not be considered when 



determining gamma emission rates from this area after construction.  FMC is responsible 



for ensuring that these structures are properly maintained in perpetuity.  



 



b. On page 9 of the initial report, the consultant discusses construction of stormwater 



infiltration facilities below the fill soils.  FMC must explain how construction of these 



infiltration facilities will affect placement, integrity, and shielding capability of the 



proposed gamma cap at RA-G North.  Similarly, FMC must discuss how a potential 



sinkhole or standing water (mentioned on page 12 of the initial report) would affect the 



physical integrity and shielding properties of the gamma cap, as well as its ultimate 



impact on the groundwater remedy. 



 



c. FMC must clarify how materials excavated during Valley facility construction (Remedial 



Action construction) will be handled and disposed to ensure protection of human health 



and the environment. This is of particular concern with regard to any P4 material that 



may be encountered. 



 



Comment 2: Storm Water Settling Pond.  The response to this comment is acceptable with 



regard to lining of the proposed Valley detention pond.  However, as review of the 60% 



groundwater remedy design progresses, EPA is concerned about the impact surface features may 



have on underlying groundwater and performance of the groundwater remedy.  Specifically, it is 



unclear whether infiltration from unlined Stormwater Detention Pond 3 has been factored into 



the groundwater remedy design.  Unless FMC can demonstrate this will not negatively impact 



the groundwater remedy, EPA will require that Pond 3 be lined prior to being brought into 



service.   



 



Comment 3: Building Foundation (Cap) Integrity.   



 



a. FMC responds that gas monitoring in buildings is not necessary based on previous 



monitoring for phosphine.  However, previous outdoor monitoring efforts and gas 



emissions analyses have not addressed the potential for hazardous gas buildup within 



newly constructed enclosed structures located on top of the site.  Provisions must be 











included for monitoring interiors of buildings at RA-G North (once completed) until it is 



demonstrated that they are safe and will remain so.  



 



b. In their response to this comment, FMC states that “other than the ore/soil fill within the 



former stacker/reclaimer trenches, native soil is now exposed at the surface of the 



majority of the area of RA-G North.”  This statement draws into question whether it 



would be beneficial to remove fill from the trenches, such that placement of a gamma cap 



(and long-term maintenance of that cap) would not be needed at RA-G North.  However, 



a review of the May 2009 Supplemental Remedial Investigation report (pages 4-32 and 4-



33) indicated that remediation unit (RU) 7 – as this area was originally identified – had 



been built up from its original grade, likely due to ore stockpiling and material handling 



throughout this area and not just within the two parallel trenches.  Page 4-35 states that 



the native soil interface ranges between 2 and 25 feet below ground surface (bgs).  



Although the Remedial Design Report calls for grading of the surface at RA-G North, it 



was never anticipated that this excavation would extend to 25 feet bgs.  Furthermore, the 



depth of the trenches is believed to be only 10 feet below the surrounding ground surface 



(page 4-38).   



 



In order for FMC to avoid gas monitoring, justification regarding the statement that 



native soil (not native soil mixed with slag) is now observed at the ground surface 



throughout the RA-G North area, except where the two trenches are located would need 



to be provided for EPA approval.  FMC would need to also provide justification for the 



contention that the ore/soil fill is limited to the area within the two trenches.  Specifically, 



up-to-date USC P4 mapping would need to be enhanced to clarify whether each event 



within RA-G occurred within the former trenches.  Finally, based on the resolution of 



these issues, FMC would then need to remove the trenched material to obviate concerns 



over capping, maintenance, and gas monitoring during and after redevelopment. 



 



Comment 4: Gas Monitoring Plan.  It is a well-established principle in environmental and 



occupational monitoring that it is not always sufficient to argue that hazardous exposures are 



projected to be acceptable.  Exposures must often be demonstrated to be acceptable.  Grading, 



construction, and capping will alter the physical nature of the site and potentially influence 



transport and accumulation of any hazardous gases.  In the same way that final status surveys are 



necessary to demonstrate that gamma emissions are at acceptable levels, so a gas monitoring 



plan is necessary to demonstrate that, after completion of remedial action construction, gas levels 



are acceptable. 



 



Furthermore, gas monitoring requirements in the IRODA are not limited to phosphine.  The 



IRODA requires that FMC “Implement a gas monitoring program at the FMC OU capped 



ponds… and subsurface areas where elemental phosphorus is present to identify potential 



phosphine and other potential gas generation at concentrations that could pose a risk to human 



health.”  Elemental phosphorous was encountered during the grading phase of remedial action 











construction within some areas (e.g. RA-F and RA-G North) areas which are to receive a gamma 



cap instead of an ET cap. 



 



Elements of the gas monitoring plan for the FMC soil remedy must include, but are not limited 



to: 



 



 A conceptual model of gas transport through soil to buildings or the atmosphere, 



including identification of areas where phosphine and other hazardous gases may surface 



after migrating laterally in the subsurface from areas with buried P4. 



 Gas monitoring during excavation and trenching associated with RA-G North 



redevelopment to ensure that the disturbance has not resulted in generation of hazardous 



gases. 



 Monitoring of any newly-constructed indoor workplaces for a minimum of one year, or 



longer if needed to demonstrate that exposures are acceptable. 



 Randomly placed gas monitoring elsewhere across the remediation areas, accounting for 



the fact that buried P4 has been unexpectedly encountered, and may remain present in 



isolated pockets, in areas that will not receive an ET cap as part of the soil remedy.  



 Gas monitoring throughout the first year, preferably on a continuous basis, to account for 



varying atmospheric conditions. 



 



The information provided by FMC regarding exterior gas monitoring to date does not include 



quantitative modeling of potential exposures inside structures yet to be constructed.  The 



guidance document, Assessing Potential Indoor Air Impacts for Superfund Sites (EPA 451-R-92-



002, September 1992), recognizes the potential need for gas monitoring at CERCLA sites.  This 



guidance describes a stepwise approach to assessing indoor air impacts from gases associated 



with CERCLA sites.  The approach starts with modeling of exposure, if necessary, proceeds to 



exterior monitoring and modeling, and then monitoring at the building site if needed to 



determine actual indoor air quality and risks.  At the FMC OU, considering time constraints, it 



may be simpler for FMC to monitor for gases inside the buildings for some time after 



construction, rather than going through the stepwise guidance process with the models and 



methods recommended.  



 



Specific recommendations are made in the above-referenced guidance document (EPA 451-R-



92-002) regarding models to be used, sampling methods, and locations.  For example, the 



guidance recommends that indoor air samples be collected over a period of at least four hours, 



with eight hours being strongly preferred.  Samples should be collected between three and six 



feet above the floor in the occupied area of each story of the building and the basement, and at 



least one foot from any object.  The monitoring should be conducted on several different days 



under conditions that approximate the range of normal meteorological and building operating 



conditions.  Best monitoring conditions exist when indoor temperature is at least 10 degrees 



Fahrenheit higher than outside, and wind speeds are steady and exceed approximately 5 miles 



per hour. 



 











Comment 5: Utility Installation and Maintenance.  The outlined approach involving 



establishment of clean utility corridors is acceptable.  However, the high-level project schedule 



provided as Figure 7.1 of the RAWP (incorrectly referenced as Figure 6.2 in the response) is not 



detailed enough to confirm the timing of trenching and utility installation prior to the 2016 



capping phase in this area.  Updated and detailed schedules must be provided for EPA review.  



Further, it must be clear that all grading, excavation, and capping is remedial action construction 



to be performed by FMC or its contractors.   



 



Comment 6: Remedial Action Access.  In the response to this comment, FMC indicates that the 



construction schedule for RA-G redevelopment has a target completion date in November 2016.  



Because the next capping phase is also anticipated to be complete in November 2016, FMC 



concludes that “there will be no public (including Valley customers) access prior to completion 



of the capping phase.” 



 



This response fails to distinguish between remedial action construction (grading, excavation, 



capping) within RA-G North and subsequent building construction once RA-G North remedial 



action construction is complete.  FMC must describe how people not engaged in remedial action 



construction or oversight will be excluded from RA-G North until remedial action construction is 



accomplished.  Further, FMC must describe how building construction workers and others 



working within RA-G North (once remedial action construction is complete in that location) will 



be excluded from other parts of the FMC OU prior to soil remedy construction completion in 



those areas. 



 



Comment 7: Soil Remedy Effectiveness.   



 



a. The FMC response to the second comment bullet, which consists mostly of describing 



how Valley anticipates using its future facility, is inadequate.  The more intensive land 



use now planned for RA-G North may increase the likelihood of the soil cap being 



compromised by human activity.  In particular, maintaining the required RA-G North 



gamma cap shielding soil thickness (or the equivalent thickness of other material) across 



the proposed roadways, parking lots, and laydown areas may be challenging.  Inspection 



criteria, action triggers, and maintenance response actions must be included in the Final 



PSVP and OMMP which account for more intensive use of the area than previously 



planned. 



 



b. The FMC response to the third comment bullet is inadequate.  The construction details 



for roads, parking, and laydown areas must be clarified.  The October 2015 FMC 



Addendum for RA-G North is confusing and describes the main access road as consisting 



of “14 inches WUA gravel compacted to 90% MDD and/or geotextile overlain by 12 



inches WUA gravel compacted to 90% MDD.”  From this statement, it is not clear 



whether the design is intended as “14 inches gravel AND geotextile with 12 inches 



gravel” or could be interpreted as “EITHER 14 inches gravel OR geotextile with 12 



inches gravel.” Considering the anticipated wear from traffic in this area, the second 











alternative would not be acceptable unless there was an underlying gamma cap layer.  



The RA-G North Remedial Design must clarify that construction of roads, parking, and 



laydown areas will be on top of, in addition to, and not interfering with, any required 



gamma cap.  This intent would appear to be the case from the October 2015 FMC 



Addendum which states that “…all areas within RA-G that are not shown as 



structures/improvements associated with the redevelopment project will receive the 



gamma cap.”  Roads would, therefore, be constructed on top of the gamma cap (or its 



equivalent).   



 



c. The last bullet of this comment, which states that the OM&M Plan must include 



provisions to ensure that stored material will not compromise the integrity of the cap, has 



not been addressed.  The OM&M Plan must include provisions to ensure that stored 



material (vehicles, equipment, product, building materials, etc.) will not compromise the 



integrity of the cap.  Additionally, FMC states that Valley structures (warehouse, scale, 



tank farm, and detention pond) have been excluded from the OM&M Plan.  Those 



structures which serve as gamma caps are FMC’s responsibility to maintain.  The PSVP 



and OM&M Plan must include inspection criteria, action triggers, and maintenance 



response actions for these features. 



 



Comment 8: Groundwater Remedy.  The response to this comment is acceptable.   



 



Comment 9: Contingency Plans for Excavating P4-Contaminated Soils during 



Construction.  The response to this comment is acceptable.   



 



Comment 10: Section 5.0, Schedule.  The high-level project schedule provided as Figure 7.1 of 



the RAWP (incorrectly referenced as Figure 6.2 in the response) is not detailed enough to 



confirm the timing of trenching and utility installation prior to the 2016 capping phase in this 



area.  Updated and detailed schedules must be provided for EPA review. 



 



Comment 11: Correction on Table 2.  The response to this comment is acceptable.   



 



B. Comments on the Soil Remedy Final Remedial Design Report 



 



Note:  Comments 1 and 2 also make reference to previous comments and FMC responses to 



comments. 



 



Comment 1: Section 5.3.2 and related sections, Gamma Cap Design.  The FMC response 



describes the gamma cap design thickness as 14 ± 2 inches. 



 



a. Practical experience and technical guidance indicate that some level of protective cover 



or buffer is necessary to protect the gamma cap from the effects of erosion.  EPA’s 



(Draft) Technical Guidance for RCRA/CERCLA Final Covers (EPA 540-R-04-007, 



OSWER 9283.1-26, April 2004) describes the components of covers as well as cover 











design.  Pages 1-20 to 1-22, in particular, address the top “Surface Layer,” as well as the 



underlying “Protection Layer”.  FMC’s proposed “average 14 ± 2 inches” cap thickness 



meets this objective.  However, EPA believes that the small 2-inch buffer afforded by the 



proposed cap will necessitate very aggressive OM&M efforts that go beyond those 



currently proposed.  



For comparison, the ET cap design incorporates a 6-inch buffer layer, along with a 2-inch 



trigger for erosion loss.  Repairs are, therefore, triggered well before the functional 



aspects of the cap are compromised.  Because the proposed gamma cap design only 



incorporates a 2-inch buffer, more robust OM&M criteria must be applied to ensure 



continued cap integrity.  In order to receive EPA approval, FMC must incorporate one of 



two acceptable alternatives: 



 



(1) Enhanced OM&M: FMC must inspect the gamma caps quarterly, rather than 



annually as specified for the ET caps.  Further, monitoring will need to occur on 



sloped areas after significant rainfall until vegetation sufficient to largely inhibit 



erosion has become established.  



 



(2) Enhanced Cap Design with Less Robust OM&M: FMC must enhance the 



gamma cap design to include sufficient buffer thickness to be consistent with the 



ET cap.  On this basis, the comparable total gamma cap thickness should be 



“average 12 ± 2 inches” plus an approximate 6-inch buffer for a total gamma cap 



thickness averaging about 18 inches ± 2 inches.  Less frequent inspections might 



then be appropriate in the long-term.  



 



b. Regardless of the option selected, FMC must clarify the means by which cap thickness 



will be effectively measured.  The OM&M Plan describes a gamma cap soil depth 



measurement method that differs significantly from those for ET caps.  Section 3.2.1.1 of 



the Plan indicates that gamma cap soil depth measurements will be made by advancing a 



3/8-inch rebar through the gamma cap surface to the top of the underlying slag.  It is not 



clear whether this seemingly subjective method can accurately distinguish between a cap 



thickness which has lost two inches of buffer and one which has not.  Alternatives such 



as the use of topsoil depth indicators (as used on ET caps) or other methods, such as 



coring must be considered.  There are obvious advantages to having consistent cover 



depth monitoring methods for both ET and gamma caps. 



 



c. Plans for soil depth measurements on gamma caps must provide for a density of 



measurements that is at least consistent with the MARSSIM-based density used for 



gamma survey measurements.  If FMC does not want to replicate the MARSSIM-based 



measurement density for soil cap thickness then a rationale for an alternative approach 



must be presented that will provide assurance depth criteria will be met consistently and 



uniformly. 



 











d. The term “acceptable cap conditions” used by FMC on page 16 of the response, must be 



defined in the OM&M Plan.  Use of such a vague term is open to interpretation by 



differing entities and field personnel and is, therefore, unacceptable. 



 



Comment 2: Section 4.2.1 and related sections, Site-Wide Grading Design Criteria.  Over 



the past few months, FMC verbally indicated that there would be no areas with slopes greater 



than 4H:1V.  As a result, text in the RDR, RAWP, and supporting documents was edited to 



eliminate references to erosion control blankets that would have been placed in such areas.   



 



EPA understands that physical constraints in limited areas (as discussed in FMC’s September 30, 



2015 letter) are unavoidable.  Accordingly, the maximum slope will be exceeded, and erosion 



control blankets will be placed on top the cap, in the following areas: 



 



 RA-F3 (1 area): an existing Idaho power pole located at the toe of the slope where burial 



of the base of the pole is not acceptable; 



 RA-K (1 area): in order to maintain grade at the existing paved surface at the top of the 



RA-K slope and have sufficient width at the toe of slope to construct the stormwater 



channel within FMC’s property; 



 RA-C (3 areas): two very small areas surrounding RCRA Phase IV pond post-closure 



monitoring systems that cannot be removed or relocated, and the third small area due to a 



lattice power tower at the toe of slope where partial burial is not acceptable; 



 RA-G: the northern-most extension of the north slope of RA-G (South 2) is slightly 



steeper than 4:1 to preserve the access road between RA-G South 1 and South 2 that will 



continue to be needed for groundwater monitoring and post-remedial action monitoring 



and maintenance. 



 



Although Section 5.3.5 of the RDR addresses placement of erosion control blankets on gamma 



cap slopes approaching 4H:1V, the RDR must also note that such erosion control measures will 



be needed for the ET cap locations noted above.  The RAWP and Specification 02270 for 



Erosion Control Blankets must specifically identify these areas as requiring erosion control 



matting due to steeper than anticipated slopes.   



 



Comment 3: Page 2-7.  Revise the last paragraph to: acknowledge P4 contaminated debris was 



encountered in RAs not previously identified as containing elemental phosphorous; describe 



other gases which can be generated; and refer to the gas monitoring program requirement of the 



soil remedy found on page 69 of the IRODA.   



 



Comment 4: Table 2.2.  This summary table of soil remediation areas and fill/source materials 



appears to be reproduced from an earlier document.  If so, the document must be cited and 



referenced.  Several of the boxes state that the RA “does not contain any identified or potential 



sources of COC releases to groundwater” yet include material which, it would appear, could be a 



potential source of groundwater contamination given sufficient leaching. Modify those boxes to 



clarify that no identified sources have been found, and briefly explain why the potential is 



considered to be low for contaminants to affect groundwater quality.   











 



Comment 5: Section 2.3.2, Nature and Extent of Groundwater Contamination and Surface 



Water Contamination.  This section does not appear to be necessary for the soil remedy RDR.  



If retained then additional contextual information must be provided.  This additional contextual 



information includes describing the source control function of the ET caps, the IRODA 



requirement to restore groundwater quality in addition to preventing of-site migration of 



contaminants, and the ongoing groundwater extraction and treatment system design. 



 



Comment 6: Section 2.4, Interim Record of Decision Amendment.  Modify the first 



paragraph to include the groundwater restoration aspect of the P&T system 



 



Comment 7: Section 2.4.1, Remedial Action Objectives for Site Soils.     List all seven of the 



IRODA RAOs (six are listed), and briefly describe how the soil remedy will address risks now 



posed either directly by soil quality or indirectly through percolation of contaminants to 



groundwater. 



 



Comment 8: Section 2.4.2. Selected Remedy Summary for Site Soils.  Add a paragraph which 



explains that each of the two types of soil caps have an effective layer needed to meet the RAOs, 



and additional soil or other cover material to ensure no loss of soil cap performance over time. 



 



Comment 9: Section 3.1.3, Gamma Caps.  Clarify that Section 3.3.3 describes work conducted 



to determine the thickness of the shielding layer, using WUA soil, needed for gamma cap design.  



For the descriptions of RA-F and RA-G point out that elemental phosphorous was encountered 



during grading phase remedial action construction. 



 



Comment 10: Section 3.2.1, Institutional Controls Program.  Revise the third bullet to 



include gamma caps whether in areas where elemental phosphorous debris has been encountered 



(e.g. RA-F and RA-G) or not.  Gamma cap integrity needs to be maintained just as ET cap 



integrity though for different reasons. 



 



Comment 11: Section 3.2.2, Gas Monitoring Program.  Modify the first paragraph to include 



RAs where elemental phosphorous debris was encountered during the grading phase of remedial 



action construction.  Modify the objectives to include potential risks to humans, especially in 



buildings. 



 



Comment 12: Section 4.1, Site Clearance and Integration of RCRA Monitoring Systems.  



Page 4-2 correctly notes that the 13 CERCLA monitoring wells that were abandoned are not 



included in the Interim CERCLA Groundwater Monitoring Plan of 2010.  These wells were 



abandoned by FMC with the understanding that new monitoring wells in these locations, and 



other locations too, might be needed.  Briefly explain that FMC elected to remove those 



monitoring wells with the awareness that replacement monitoring wells might be needed in those 



locations. 



 











Comment 13: Section 5.3.3, Soil Loss Calculations.  The second paragraph suggests that 



adding a few inches of soil to the gamma cap to serve as a thicker than two-inch erosional buffer 



would use too much soil from the borrow pit.  Information to demonstrate this assertion is not 



included.  And it appears inconsistent with Section 5.4 of the RDR which suggests that about one 



million cubic yards of WUA silt would be available beyond that needed for the current soil cap 



design.  Replace this paragraph to either describe how the gamma cap buffer thickness has been 



increased or to describe how a robust O&M plan to prevent/repair nearly all gamma cap soil 



erosion has instead been proposed.  This can include a cost/benefit analysis if helpful. 



 



Comment 14: Table on Page 5-13, Utilities.  Replace the warehouse septic system entry with a 



connection to the Pocatello sewer system consistent with a recent decision by FMC to make that 



change. 



 



Comment 15: Section 5.6.2, Integration with the RA-G North Soil Remedial Action. The 



second paragraph includes only one of the RAOs for groundwater as applicable to RA-G North.  



Modify to explain that groundwater beneath RA-G North is contaminated, will need to be 



restored, the anticipated groundwater remedial design will include extraction wells and 



monitoring wells within RAG-North, and FMC will need to ensure future use of RA-G does not 



adversely affect the groundwater RD/RA or other response actions.  



 



Comment 16: Section 5.8, Site Access and Security.  This section must be augmented to 



describe what part of the FMC OU is the exclusion zone, how FMC will prevent access to those 



not performing or supervising remedial action construction work, where decontamination 



stations are to be located, and other site access and security measures that apply to hazardous 



waste site cleanups under CERCLA.  



 



Comment 17: Section 8.0, Schedule for RD and RA.  A)  Modify projected dates to account 



for resubmittal of the soil remedy final RD package and RAWP.  B) Identify in the project 



schedule when RA-G North redevelopment area remedial action construction is anticipated to be 



verified as complete, which then will allow other construction contractors to begin their work.   



 



Comments 18- 21 Construction Drawings, Appendix H  



 



18. Construction drawings were reviewed for earthwork components.  It was noted that the 



construction drawings do not address all proposed Valley redevelopment features.  For example, 



the drawings do not appear to include cross-sections of the proposed utility trenches, the truck 



scale excavation, roadways, parking, and laydown areas.  Cross-sections are provided for the 



tank farm and the railroad load-out area, but do not show subbase and aggregate excavation and 



fill requirements in detail.   Engineering drawings must be provided to guide excavation and 



backfilling of each of these areas, in accordance with details from Section 2.2 of the CCP.  



 



 



 











Drawing 4, Utility Plan 



 



19. As discussed in other comments, FMC’s proposal to establish clean utility corridors, and 



thereby prevent future potential exposures to contaminated soil, is acceptable.  Section 2.2 of the 



CCP presents plans for excavation and installation of water lines, sewer lines, and electric power 



feed lines.  However, this drawing also shows three liquid fertilizer lines running from the tank 



farm toward the main plant area.  Given that this line crosses the main access point to the Valley 



facility, it appear that the lines will be located underground.  The CCP must be expanded to 



confirm whether these product lines will be situated below ground and, if so, to require 



excavation and clean backfilling of a trench for these lines.  Looking ahead, FMC will need to 



describe in the groundwater remedy how the integrity of liquid fertilizer lines will be maintained 



to prevent discharges to groundwater.  



 



Drawing S6, Structural Fill Under Footings 



 



20. The August 7, 2015 Geotechnical Engineering Report Addendum #1 by Materials 



Testing and Inspection (RDR, Appendix H, page 2 of 7) contains an apparent inconsistency.  As 



shown on Drawing S6 (insets 1b, 2, and 3), borrow material will be placed under footings in such 



a manner that there is a 12-inch layer of compacted fill between the uppermost layer of geogrid 



and the base of the footing.  This is consistent with construction descriptions in the table on page 



2 of the Geotechnical Engineering Report (Addendum #1).  However, the text immediately 



preceding the table calls for only six inches of compacted fill atop the uppermost layer of 



geogrid.  Revise the plans and drawings as appropriate for consistency on this issue. 



 



21. The June 23, 2015 Geotechnical Engineering Report from Materials Testing and 



Inspection (RDR Appendix H, page 15 of 27) requires that areas of compacted backfill extend 



beyond the perimeter of the footings for a distance equal to the thickness of fill between the 



bottom of foundation and underlying soils, or 5 feet, whichever is less.  A review of the inset 



diagrams on Drawing S6 suggests that FMC and Valley are overlooking this mandate.  



Regardless of fill thickness, the footings appear to be within a foot of the area of compacted 



backfill.  Revise the drawing to ensure that the footings will be adequately supported by a 



sufficiently broad area of compacted fill (and geogrid, where appropriate).  



 



C. Comments on the Performance Standards Verification Plan (PSVP) 



 



Comment 1: Gamma Cap Thickness.  See Comment B.1 above, on the Remedial Design 



Report, which describes how FMC must either propose a layer of soil to act as an erosional 



buffer to protect the gamma cap shielding layer or propose a much more robust   O&M plan.  



Requirements for a more robust O&M approach include, but are not limited to, more frequent 



soil depth measurements, a higher density of soil depth measurements, and demonstrably reliable 



means to measure soil depth at each location.   The PSVP text, tables, and figures must be 



modified as needed in response to this and other comments about gamma cap thickness, 



maintenance, and post-construction evaluation of protectiveness 











 



Comment 2: Gas Monitoring Plan.  See Comment A.4 and B.11 above, which focus on the 



scope, objectives, and elements of a gas monitoring plan in all areas where buried P4 waste 



material has been encountered.  The PSVP must also be modified consistent with these 



comments. 



 



Comment 3:  Section 3.1.1.3, First Bullet. Remove the quotation marks from the words 



random, sampling, and plant density. Provide the number of transects to be walked or a reference 



to where this number is documented. 



 



Comment 4:  Section 3.1.2.1, Performance Metrics for Phosphine Monitoring of ET Caps.   



 



a)  A single semi-annual measurement whether within the capillary break of ET caps or 



beneath gamma caps may be too limited since gas measurements are subject to changing 



atmospheric pressure.  Further, in areas where people are more likely to be exposed (e.g. 



buildings) to any gases generated there must be a period of more continuous monitoring 



to demonstrate protectiveness.  FMC must propose monitoring frequencies and methods 



which will take changing atmospheric pressure conditions over time into account, and 



which will demonstrate safe conditions where people are most likely to be exposed if 



subsurface gases are generated. 



 



b) The soil gas action level bullet suggests re-sampling within five days to confirm readings 



because of potential interference from motor vehicle exhaust.   This type of interference 



should be avoidable.  If re-sampling is warranted then it must occur promptly since 



atmospheric conditions can change rapidly.   



 



Comment 5: Section 3.4, Site Security Systems.  This section states that the RA-G North 



redevelopment area will not have its own perimeter site-security system.  This section and/or 



subsequent subsections must describe how FMC will ensure that people working or visiting the 



redevelopment area once remedial action is complete within RA-G North will be excluded from 



other parts of the FMC OU during remaining remedial action construction and, to the extent 



necessary, afterwards too. 



 



Comment 6: Section 3.4.1.1, Performance Metrics for Site Security Systems.  These metrics 



appear to assume current conditions where only FMC employees, contractors, and regulatory 



agency staff tend to be on site.  These metrics must be augmented to account for anticipated site 



conditions after the RA-G North remedial action construction has been completed. 



 



Comment 7: Section 5.0, References.  The first reference is to a memo submitted to EPA which 



has not been approved.  Remove this reference as it could suggest EPA agreement or acceptance.  



EPA does not agree with the memo and, in fact, has requested that FMC dispose of excavated P4 



waste differently than recommended in the memo. 



 











Comment 8: Tables 1 through 5.  The tables must be modified to be consistent with revisions 



to the text in response to EPA comments. 



 



Comment 9: Figure 4.  Modify as needed in response to previous comments on the Gas 



Monitoring Plan. 



 



Comment 10:  Figure 5.  Add a companion figure which illustrates a gas probe in gamma cap 



soil.  Also, schematically illustrate how gas concentrations will be measured beneath and/or 



within buildings. 



 



 



D. Comments on the Operation, Maintenance, and Monitoring Plan 



 



Comment 1: Gamma Cap Thickness.  See Comment B.1 above, on the Remedial Design 



Report, which describes how FMC must either propose a layer of soil to act as an erosional 



buffer to protect the gamma cap shielding layer or propose a much more robust OM&M plan.  



Requirements for a more robust O&M approach include, but are not limited to, more frequent 



soil depth measurements, a higher density of soil depth measurements, and demonstrably reliable 



means to measure soil depth at each location.   The OM&M Plan text, tables, and figures must be 



modified in response to this and other comments about gamma cap thickness, maintenance, and 



post-construction evaluation of protectiveness. 



 



Comment 2: Gas Monitoring Program.  See Comment A.4 and B.11 above, which focus on 



the scope, objectives, and elements of a gas monitoring plan in all areas where buried P4 waste 



material has been encountered.  The OM&M Plan must be modified consistent with these 



comments. 



 



Comment 3: Site Security.   Section 3.4 and subsections appear to have been developed without 



consideration of the RA-G North redevelopment.  The OM&M Plan must describe how FMC 



will ensure that people within  the redevelopment area once remedial action is complete within 



RA-G North will be excluded from other parts of the FMC OU during remaining remedial action 



construction and, to the extent necessary, afterwards too. 



 



Comment 4: Stored Materials at RA-G North.  The OM&M Plan must include provisions to 



ensure that stored material (vehicles, equipment, product, building materials, etc.) will not 



compromise the integrity of the cap.  



 



Comment 5: Tables 1.1 and 1.2; row 2 (Relevant Deadlines), column 4 (Topsoil Depth 



Monitoring).  Delete “(provided soil depth gauges are accessible).”  As discussed in Comment 



B.1 above, topsoil depth monitoring should be conducted at least quarterly unless FMC develops 



a gamma cap design with a thicker top soil buffer. Any gauges that are not accessible during the 



planned monitoring event must be checked as soon as they become accessible.  



 











Comment 6: Tables 1.1, 1.2, and 1.3; row 3 (Principal Study Question), column 4 (Topsoil 



Depth Monitoring).  The wording of the question/statement is confusing and the mechanism of 



soil loss is irrelevant.  A more accurate question is “Is the topsoil depth maintained between ‘X’ 



and ‘X’ inches?”  



 



Comment 7: Tables 1.1, 1.2, and 1.3; row 4 (Alternative Actions), column 4 (Topsoil Depth 



Monitoring).  The current text leads the reader to believe the adequacy of the cap is a foregone 



conclusion, regardless of topsoil thickness.  The evaluation of topsoil loss must be used to 



determine if the cap thickness is adequate.  Reword this statement accordingly.  



 



Comment 8:  Figures 3-12 and 3-13.  Consistent with comment #1 on the OM&M Plan, the 



proposed gamma cap soil thickness sampling density of one sample per four acres is too scant. 



The sample density shown in Figures 6, 7, and 8 of the PSVP for post-construction gamma 



emission testing is also acceptable for OM&M Plan soil cap thickness testing.  If FMC does not 



want to replicate the MARSSIM-based measurement density for soil cap thickness then a 



rationale for an alternative approach must be presented which will provide assurance that depth 



criteria will be met consistently and uniformly. 



 



 



E. Comments on the Soil Remedy Remedial Action Work Plan 



 



Comment 1: Section 3.1, Site Access.  A) This section must be augmented to describe what part 



of the FMC OU is the exclusion zone, how FMC will prevent access to those not performing or 



supervising remedial action construction work, where decontamination stations are to be located, 



and other site access and security measures that apply to hazardous waste site cleanups under 



CERCLA. 



 



B) In light of the planned commercial construction work within part of RA-G North shortly after 



soil remedial action construction is verified as complete in that area, FMC must describe how 



people not engaged in remedial action construction or oversight will be excluded from RA-G 



North until remedial action construction is accomplished and, further, how people within RA-G 



North (once remedial action construction is complete in that location) will be excluded from 



other parts of the FMC OU prior to soil remedy construction completion in those remaining 



areas. 



 



Comment 2: Section 5.4 Dust Control and Air Monitoring Plan.  Briefly describe how the 



DCAMP will be implemented when grading within RA-G North to prepare for capping and 



building foundations as that aspect of remedial action construction had not been anticipated in 



March 2015 when the DCAMP was revised. 



 



Comment 3: Section 7, RD/RA Soil Remedy RD/RA Schedule.  A)  Remove boldface from all 



dates which are projections.  B)  Modify projected dates to show an anticipated resubmittal date 



for the soil remedy final RD package and RAWP and corresponding revisions. C)  Identify in the 











project schedule when RA-G North redevelopment area remedial action construction will be 



verified as complete, which then will allow other construction contractors to begin their work.   



 



 



F. Comments on the Contractor Construction Plan (CCP) 



 



Section 1.0, Introduction 



 



1. Clarify in the first sentence that this plan is for remedial action construction work. The plan 



currently reads more like a general construction plan.  



 



Section 1.2, Project Description 



 



2. Clarify that this remedial action construction work is to implement the soil remedy at RA-G 



north, and describe briefly how construction of the Valley Agronomics facility will occur after 



remedial action construction has been completed in RA-G north.   



 



Section 2.0, Scope of Work 



 



3. Correct the spelling on Western Undeveloped Area in the third bullet. 



 



4. Clarify in the mobilization section that CBI will ensure all people on site have received 



required health and safety training. 



 



Section 2.1, Earthwork 



 



5. Clarify that CBI will be performing all earthwork within the RA-G north redevelopment, to 



complete remedial action construction, prior to subsequent Valley Agronomics construction 



work.  



 



Section 2.1.1, Excavate and Transport Soil from RA-G North, page 6 



 



6. The plans indicate that material excavated from RA-G North will be moved to RA-A or RA-F 



prior to placement of gamma caps over those areas.  The plans must estimate the volume of 



material to be excavated to accommodate each Valley feature, building on the dimensions 



provided in Section 2.2 of the CCP.  FMC must then provide documentation confirming that RA-



A and RA-F have sufficient capacity to accept the total volume of excavated materials without 



requiring cap redesign.   



 



Section 2.1.2, Excavate and Transport of Soil and Cobble, page 6 



 



7.  This section indicates that one crew will be tasked with excavating, loading, and transporting 



soil and cobble material from the Western Undeveloped Area (WUA) to RA-G North for grading 











and backfilling.  This section must be expanded to indicate whether the excavated material will 



requiring any testing, sorting, or crushing prior to use.  Specific details of those actions will need 



to be included in the plans, and FMC must document that the cobble and gravel material 



proposed for use is consistent with aggregate base and bedding materials evaluated by FMC 



during the gamma emission rate measurement study in December 2015.   



 



Section 2.2, Valley Agronomics Distribution Facility Earthwork Construction Activities, pages 6 



through 8 



 



8. Several components of the redevelopment project to be constructed subsequent to completion 



of remedial action construction within RA-G will be conducted by other contractors.  FMC must 



ensure that only remedial action contractors are permitted access to the redevelopment site until 



the soil remedy at RA-G North has been fully installed and its performance successfully verified. 



Additionally, FMC must ensure that institutional controls protect the soil remedy from 



excavation once constructed.  



 



9. Rewrite the two paragraph in the center of page 7 to remove reference to an on-site sewage 



system, and replace with language that describes the sewer lines needed to connect to the 



Pocatello POTW.   



 



10. The discussion on page 8 details differing capping construction details for the access 



roadways and parking/laydown areas.  This section of the CCP indicates that the access road will 



receive 14 inches of cobble and a layer of geotextile, whereas the parking and laydown areas will 



receive only 12 inches of cobble (without geotextile).  As indicated with regard to this same 



issue in the October 2015 FMC Addendum for RA-G, the design must clarify that construction 



of roads, parking, and laydown areas will be on top of, in addition to, and not interfering with, 



the required gamma cap.  Considering the anticipated wear from traffic in this area, the design 



specifications noted above are inadequate.  



 



Section 3.2, Dust Suppression, page 8 



 



11. This section of the CCP outlines dust suppression activities to be used during earthwork 



activities associated with the Valley redevelopment project.  These procedures rely on (1) 



application of water to roadways and active excavation areas to mitigate visible dust, and (2) 



maintenance of established speed limits on haul roads. This is consistent with Dust Control and 



Air Monitoring Plan which also calls for the use of tacking material if necessary.  State clearly 



that the DCAMP applies to this aspect of remedial action construction. 



 



Section 4.0, Valley Agronomics Distribution Facility Earthwork Construction Activities, pages 6 



through 8 



 



12. This section discusses decontamination of equipment and tools via scraping and pressure 



washing.  The text indicates that rinse water will remain on site.  Additional details must be 











provided as to where decontamination will occur and how rinse water will be managed and 



disposed.  The decontamination area must also be shown on a map. 



 



Remedial Action Construction Schedule 



 



13. The construction schedule mixes remedial action construction work and subsequent building 



construction.  A schedule must be submitted which clearly delineates the remedial action 



construction tasks and duration, when remedial action construction will be verified as complete, 



and when subsequent construction work will begin. 



  



G. Comments on the Contractor Construction Quality Assurance/Quality Control Plan 



(CQA/QCP)  



 



1. The introduction must state that this plan is to implement remedial action construction for 



FMC to implement the soil remedy approved Remedial Design. 



 



2. The introduction must clearly explain that Valley is a third-party proponent of the RA-G 



North redevelopment project.  Operational plans are secondary to implementation of the 



FMC OU soil remedy to be implemented in 2016, and the groundwater remedy currently 



in the design phase. 



 



3. The introduction must clarify that remedial action construction within RA-G is to be 



verified as complete prior to subsequent Valley Agronomics construction work. 



   



4. The plan must state that all nonconformance issues will be elevated to the attention of 



FMC and the Parsons Construction Manager since this is remedial action construction 



performed by FMC.  This particularly applies to Section 7.1.5 



 



5. According to text on page 1-1, the CQA/QCP will be used to ensure that minimum 



thickness requirements are met with respect to the storm water retention pond, building 



subbase soils and aggregate, detention cover soils, and scale subbase aggregate.  The plan 



must also be used to confirm adequate thickness of the tank farm aggregate. 



 



6. According to the text on page 1-2, procedures and criteria in the PSVP will be used to 



demonstrate gamma cap equivalency in terms of radiation exposures.  However, the 



PSVP was originally designed to address relatively uniform capped areas, unlike features 



anticipated for the RA-G North redevelopment.  FMC must either: (1) expand Section 



3.2.1.1 of the PSVP to clarify how it intends to perform final status surveys in RA-G 



North areas where construction takes place, or (2) provide specialized survey procedures 



in the CQA/QCP for each of the proposed Valley facility features.  Furthermore, because 



the proposed aggregate base corresponds to the gamma cap’s primary shielding layer 



beneath proposed RA-G structures, this layer must be shown to provide adequate 



protection from gamma exposures.  











 



7. Section 1.2, Purpose, must clarify in the first sentence that this is remedial action 



construction work and reference the soil remedy Remedial Design and RAWP (not the 



RD Work Plan) in the last sentence of the first paragraph. 



 



8. The last paragraph of Section 1.2 must explain how FMC will ensure QC inspections 



performed by a contractor to Valley will meet remedial action construction requirements 



which are FMC’s responsibility. 



 



9. Section 2.1.1 must state that CBI is responsible for implementing the EPA approved final 



Remedial Design for RA-G on behalf of FMC.  This section currently suggests that CBI 



is primarily working for Valley Agronomics. 



 



10. Section 2.1.5 must primarily describe how FMC will ensure the soil remedy is 



constructed as approved by EPA.  Any need to request revision to the Remedial Design 



during remedial action construction be presented to EPA for review and approval. 



Likewise, FMC’s Remedial Design engineer is responsible for affirming that the soil 



remedy in RA-G has been constructed per the EPA approved RD. 



 



11. Revise Section 2.2.1 to state that the Remedial Action Pre-Construction meeting will 



include EPA, and an invitation extended to the Shoshone-Bannock Tribes and Idaho 



Department of Environmental Quality at least ten (10) days in advance of the meeting. 



 



12. As stated in Section 5.1 (page 5-1), CB&I will conduct earthworks associated with 



redevelopment of RA-G North.  However, above-ground construction of facility features 



will be performed by other contractors under the direction of Valley.  For protection of 



human health and the environment, FMC must ensure that only remedial action 



contractors (CB&I) have access to the site until the soil remedy has been fully installed at 



RA-G North and its performance has been successfully verified.  Access must also be 



limited to ensure that general construction contractors do not enter into other areas of the 



OU as they are undergoing remedial action construction. 



   



13. Modify the bullet in Section 5.1 to exclude an on-site sewage system and include a sewer 



line to connect to the Pocatello POTW. 



 



14. Expand Section 6.1.2 to specify that, in accordance with the June 23, 2015 Geotechnical 



Engineering Report from Materials Testing and Inspection (RDR Appendix H), fill 



material will be moisture conditioned to achieve optimum moisture content prior to 



compaction. 



 



15. Include a table in Section 6.1.2 which corresponds to the text and shows fill type, number 



of lifts, maximum loose thickness of each lift, compaction requirements, QC testing 



requirements, and required total minimum completed thickness of each fill type. 











 



16. Revise the bullets on page 6-2 to refer to Table 6.1 for fill material compaction testing, 



test methods, and frequencies. 



 



17. The contractor construction plans do not include an estimate of the volume of borrow soil 



that will be needed to complete redevelopment earthworks.  However, several of the tests 



frequencies are specified as a function of borrow soil volume.  Thus, it is possible that 



physical characteristics of the entire volume of borrow soil could be based on analytical 



results of one sample.  At least two samples are recommended for each testing parameter 



to allow for comparison and a rough evaluation of the likely accuracy of the data.  Revise 



the CQA/QCP accordingly. 



 



18. Modify Table 6.1 to include in-placement testing frequency for under footings, 



foundations and other structures on the site if they are part of the soil remedy.  



  



19. Section 7.1.2 This section must be expanded to indicate the daily reports will also specify 



locations and volumes of soil excavated from the RA-G North redevelopment area; the 



disposition of that material in either RA-A or RA-F; the location and approximate 



volume of P4 discoveries, and response actions taken.  These items must also be included 



in the weekly progress reports that will be provided to the Parsons Construction Manager 



as described in Section 7.1.6. 



 



20. Section 7.1.3.1 describes four inspection phases:  preparatory, initial, follow-up, and final 



for the remedial action construction work.  Correct the section heading and text 



accordingly.  



 



21. The inspection process described in Section 7.3.1 includes a preparatory inspection 



before work begins, initial and follow-up inspections as earthwork proceeds, and a final 



inspection when each definable feature of work has been completed.  These final 



inspections will confirm that all established QC criteria have been documented with test 



results, sampling data, photographs, and so on.  This approach is generally acceptable.  



However, the plan is unclear as to how the timing of these inspections will correspond to 



installation of below ground structures by third parties (e.g., liners, utility lines) and 



confirmation testing specified in the PSVP (e.g., final status surveys) to ensure adequate 



cap thickness and gamma radiation shielding.  The redevelopment earthwork is remedial 



action construction and will not be considered complete (and ready for above-ground 



construction to commence) until FMC documents achievement of soil remedy RAOs for 



this area. PSVP confirmation must occur prior to final inspection and submittal of a final 



earthworks construction report. Modify this section to explain how the timing of these 



inspections corresponds to confirming remedial action to be complete within RA-G and 



subsequent construction work by other parties.  



 



 












Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: Zavala, Bernie
Cc: McDonnell, Kimberlee
Subject: FW: FMC OU RDRA Monthly Report #32 - January 2016
Date: Tuesday, February 16, 2016 5:44:11 PM
Attachments: 2016-02-15 FMC OU RDRA Monthly Report 32 for Jan 2016.pdf


See especially the Groundwater RD on Page 4, when you have a chance, so we can discuss.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Rob Hartman [mailto:Rob.J.Hartman@mwhglobal.com] 
Sent: Monday, February 15, 2016 4:49 PM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Cc: 'Bruce.Olenick@deq.idaho.gov' <Bruce.Olenick@deq.idaho.gov>; Doug Tanner
 <Douglas.Tanner@deq.idaho.gov>; Scott.Miller@deq.idaho.gov; Kelly Wright
 (kwright@sbtribes.com) <kwright@sbtribes.com>; susanh@ida.net; Benchouk_Michele@bah.com;
 Marguerite Carpenter <MARGUERITE.CARPENTER@fmc.com>; David Heineck
 <davidh@SummitLaw.com>
Subject: FMC OU RDRA Monthly Report #32 - January 2016
 
Jonathan:
 
Please find attached the FMC OU RDRA Monthly Report #32 for January 2016 as required
 under Paragraph 55 of the FMC Plant OU RDRA Unilateral Administrative Order reporting
 on the status of implementation of the Remedial Design / Remedial Action work. This
 report covers the time period from January 1 to January 31, 2016.   Please call Marjo
 Carpenter at (215) 299-6210 or me at (801) 617-3256 if you have any questions.  Thank
 you,
 
Rob J. Hartman
MWH Americas, Inc.
Direct: (801) 617-3256
Fax: (801) 617-4200
Cell: (208) 241-8216
Rob.J.Hartman@mwhglobal.com
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2890 East Cottonwood Parkway Tel:  801 617-3200 Building a Better World 
Suite 300 Fax: 801 617-4200 
Salt Lake City, UT  84121 



 



 
 
Via email 
 
February 15, 2016 
 
Jonathan Williams 
Remedial Project Manager, Superfund Program 
US EPA, Region 10 
1200 Sixth Avenue, Suite 900 
Seattle, WA 98101  
 
RE: MONTHLY REPORT NO. 32 – JANUARY 2016 



FMC Operable Unit of the Eastern Michaud Flats Superfund Site 
 Unilateral Administrative Order for Remedial Design and Remedial Action 
 Docket No. CERCLA-10-2013-0116    



 
Dear Mr. Williams: 
 
This is the monthly progress report concerning the FMC Plant OU (the site) submitted pursuant  
to Paragraph 55 of the subject Unilateral Administrative Order for Remedial Design and 
Remedial Action (UAO), effective June 20, 2013.  This report describes actions taken and 
progress made at the site from January 1 through 31, 2016.  
 
a) ACTIONS TAKEN DURING THE TIME PERIOD 



Submitted deliverables (listed in item c) and began preparation of deliverables (listed in item 
d) as required based on the effective date of the subject UAO.  



Soil and Groundwater Remedial Design 
 
 As discussed during a conference call on December 23, 2015 between EPA and FMC, 



FMC submitted to EPA on January 5, 2016 a figure showing the proposed locations for 
additional monitoring wells on the north side of Highway 30 to demonstrate the 
American Falls Lake Bed (AFLB) deposit is continuous and that monitoring wells 
beyond (down-gradient) of the extraction wells zone of influence will monitor the same 
hydrogeologic zone.  EPA’s January 8, 2016 email described its further review of 
existing data and documentation regarding the extent of the AFLB and indicated that 
installation of additional monitoring wells downgradient of the FMC extraction well 
system is not a current priority.  Rather, the locations of additional monitoring wells will 
be determined in response to remedial design extraction well testing. 
 



 On January 29, 2016, FMC participated in a conference call and webinar scheduled by 
EPA to discuss and provide comments on the FMC groundwater flow model as updated 
in November 2015 that was utilized for the groundwater extraction well simulations 
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presented in the Groundwater Remedy Intermediate (60%) Engineering Design 
Submittal. 



 
2016 Capping Phase 
 
The winter construction break continued during the reporting period and FMC is preparing 
for the 2016 capping construction season currently scheduled to resume in early April 2016.  
Contractors’ proposals were received on January 6, 2016, and were evaluated by FMC 
during the reporting period.  As part of the selection process, contractor representatives 
were interviewed during the week of January 25, 2016.   
 



b) SUMMARY OF SAMPLING RESULTS AND DATA RECEIVED DURING THE 
TIME PERIOD   



As described in the quarterly air monitoring report for the fourth quarter of 2015 (4Q15), 
which was submitted concurrently with the December 2015 RD/RA UAO monthly report, 
a set of filters was installed in the E-samplers during the third quarter of 2015. Those filters 
were analyzed gravimetrically and for the five COCs specified in the FMC OU Remedial 
Action Dust Control and Air Monitoring Plan, E-Sampler Filter Sampling and Analysis Plan 
(December 2014). FMC anticipates submitting to EPA a report of the filter analysis results 
during the week of February 29, 2016. 



c) PLANS, REPORTS AND OTHER DELIVERABLES SUBMITTED DURING 
THE TIME PERIOD 



2015 ET Capping / RA-G North Redevelopment Project 



As described in the Remedial Action Work Plan for the Soil Remedial Action submitted on 
December 23, 2015, FMC submitted to EPA on January 13, 2016 the Contractor Construction 
Plan, Construction Quality Assurance/Quality Control Plan, and a preliminary Project Overview 
Bar Chart for the RA-G North Redevelopment project. 



Cap Design  
 



No Soil Remedial Action (capping) RD documents were submitted in January 2016. 



Groundwater 



As stated in item a) above, FMC submitted to EPA on January 5, 2016 a figure showing the 
proposed locations for additional monitoring wells on the north side of Highway 30 to 
demonstrate that the American Falls Lake Bed (AFLB) deposit is continuous and that 
monitoring wells beyond (down-gradient) of the extraction wells zone of influence will 
monitor the same hydrogeologic zone.  EPA’s January 8, 2016 email described its further 
review of existing data and documentation regarding the extent of the AFLB and indicated 
that installation of additional monitoring wells downgradient of the FMC extraction well 
system is not a current priority.  Rather, the locations of additional monitoring wells will be 
determined in response to remedial design extraction well testing. 
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d) ACTIONS SCHEDULED FOR THE NEXT TWO MONTHS 



2016 Capping Phase 



 FMC anticipates awarding the contract for the construction of the 2016 capping phase 
of the soil remedial action on or about February 19, 2016.  



 FMC received EPA comments on February 6, 2016 on the Final (100%) Engineering 
Design Submittal, Supporting Documents and RAWP for the Soil Remedy and the 
Contractor plans submitted on December 23, 2015.  The revised Final (100%) 
Engineering Design Submittal, Supporting Documents and RAWP for the Soil Remedy 
and the Contractor plans are targeted for submittal to EPA on February 22, 2016.  A 
pre-construction inspection and meeting for the 2016 capping (unless waived by EPA) is 
tentatively scheduled for April 6, 2016 and the 2016 capping construction is currently 
scheduled to commence on April 6, 2016. 



 Pending EPA approval of the revised the Final (100%) Engineering Design Submittal, 
Supporting Documents and RAWP for the Soil Remedy and the Contractor plans 
pursuant to EPA’s February 6, 2016 comments, construction work associated with the 
RA-G North Redevelopment will proceed.  A pre-construction inspection and meeting 
for the 2016 soil remedial action at the RA-G North Redevelopment area (unless waived 
by EPA) is tentatively scheduled on March 2 or 3, 2016.  Construction of the 
redevelopment project and associated soil capping is currently scheduled to commence 
on March 7, 2016 provided that EPA approvals to do so are in place by that date.  A 
Project Overview Bar Chart for the RA-G North Redevelopment earthwork and build-
out was provided as Figure 7.1 in the RAWP for the Soil Remedial Action (December 
2015) and is being revised based on EPA’s February 6, 2015 comments on the Final 
RAWP.  The revised Figure 7.1 will be submitted in the revised Final RAWP that is 
targeted for submittal to EPA on February 22, 2016. 



Cap Design 
 
 FMC is awaiting EPA review/approval needed to finalize the Remedial Design Data Gap 



Report for the FMC Operable Unit (OU) dated January 2014, based on FMC’s supplemental 
responses to comments submitted to EPA on June 12, 2014.  



 FMC received EPA comments on February 6, 2016 on the Final (100%) Engineering 
Design Submittal, Supporting Documents and RAWP for the Soil Remedy and the 
Contractor plans submitted on December 23, 2015.  The revised Final (100%) 
Engineering Design Submittal, Supporting Documents and RAWP for the Soil Remedy 
are targeted for submittal to EPA on February 22, 2016. 
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Groundwater Design 



 FMC is awaiting EPA review/approval needed to finalize the Remedial Design Hydrogeologic 
Study Report, as revised and submitted in January 2015.  FMC submitted the revised 
report to EPA on January 9, 2015.  The revisions were based on FMC’s responses to 
EPA comments on the prior version and were shown in yellow-highlighted text. 



 Pursuant to the January 29, 2016, EPA-FMC conference call and webinar and EPA’s 
comments on the FMC groundwater flow model updated in November 2015, FMC is 
re-starting with the 2009 FMC groundwater flow model and is manually re-
parameterizing hydraulic conductivity values in layer 2 of the model based on the same 
information used for the November 2015 version (e.g., FMC Hydrogeologic 
Characterization Study, Simplot pump test data and FMC’s 2015 pneumatic testing for 
hydraulic conductivity results).  Based on preliminary verbal comments provided by 
EPA regarding the potential effects of the RA-G North infiltration facility on the 
Simplot OU groundwater remedial action, FMC has scheduled a meeting with Simplot 
in February to share information and review the FMC Intermediate Groundwater 
Engineering Design Submittal.  FMC will be reviewing its updated groundwater flow 
model and extraction/infiltration system simulations internally as well as with Simplot 
prior to resubmitting to EPA.  Currently FMC targets submitting the re-parameterized 
groundwater flow model Modflow/GMS files to EPA for review in late March. 



 Pending 1) EPA review of the extraction system design presented in the Groundwater 
Remedy Intermediate (60%) Engineering Design Submittal, 2) EPA review of the 
proposed locations of additional monitoring wells as presented in the Draft CERCLA 
Groundwater Monitoring Plan, and 3) related further discussion between FMC and EPA 
on re-parameterization of the FMC groundwater flow model and subsequent extraction 
simulations, FMC will submit a proposed work plan for incremental installation of 
extraction wells, piezometers, and monitoring wells at the FMC OU to advance toward 
the Groundwater Remedy Pre-Final Engineering Design Submittal.  The well installation 
procedures will primarily reference those detailed in the Extraction Zone Hydrogeologic 
Characterization Study Work Plan.  FMC is targeting April 2016 to submit this work plan to 
EPA.   



Institutional Controls Implementation and Assurance Plan (ICIAP) 



Upon receipt of EPA’s comments on the Draft ICIAP (January 2015), FMC will prepare 
responses to those comments and submit to EPA those responses and a revised ICIAP.  



e) UNRESOLVED DELAYS ENCOUNTERED OR ANTICIPATED THAT MAY 
AFFECT THE SCHEDULE FOR IMPLEMENTATION OF WORK AND 
EFFORTS TO MITIGATE 



As of the date of this progress report, FMC has not encountered and does not anticipate any 
unresolved delays that would affect the implementation schedule.  Actual and anticipated 
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schedule modifications, which do not involve unresolved delays, are described in item f) 
below. 



f) MODIFICATIONS TO WORK PLANS OR SCHEDULES PROPOSED  
 
 Attached are the updated RD/RA Preliminary Schedules for the soil and groundwater 



remedies (Revision 10.1 to Tables 6-1 and 6-2 of the RDWP).  Revision 10.1 for the 
soil remedy includes an update to reflect receipt of EPA’s comments on February 6, 
2016 on the Final (100%) Engineering Design Submittal, Supporting Documents and 
RAWP for the Soil Remedial Action and the Contractor Construction Plan and 
CQA/QC Plan for the RA-G North Redevelopment project.  Revision 10.1 for the 
soil remedy also adjusts the tentative schedule for receipt of EPA comments on the 
Draft ICIAP.   



 The RD/RA Preliminary Schedule for the soil remedy includes adjustments to the 
planned schedules for the start of construction of the RA-G North Redevelopment 
project and 2016 capping phase of the soil remedial action.  



If you have any questions concerning the monthly report, please feel free to call Rob Hartman 
at (801) 617-3256 or Marjo Carpenter at (215) 299-6210. 



 
Sincerely, 



                                                  
Rob Hartman 
RD Manager  
MWH Americas, Inc. 
 
cc: (as required under the UAO and as directed by EPA) 



Bruce Olenick, IDEQ 
Doug Tanner, IDEQ 
Scott Miller, IDEQ 
Kelly Wright, Shoshone-Bannock Tribes 
Susan Hanson, Shoshone-Bannock Tribes  











Soil Remedial Design / Remedial Action Preliminary Schedule (Rev 10.1) 



RD Deliverable/Work Element Schedule per UAO Baseline 1 Planned Revised Plan Actual



Submit Remedial Design Work Plan (RDWP) W/in 45 days EPA approval SC 8/12/2013



EPA Comments on RDWP NS 9/13/2013 10/28 and 12/12/2013



Submit Final RDWP 14 days or as specified by EPA 9/27/2013 12/19/2013



EPA Approval RDWP NS 10/14/2013 12/19/2013



RD Data Gap (DG) Acquisition Work Plan W/in 60 days EPA approval SC 7/15/2013



Gamma Cap (GC) Performance Evaluation Work Plan W/in 60 days EPA approval SC 7/15/2013



EPA approval of GC WP NS 8/16/2013 9/5/2013



EPA approval of DG WP NS 8/16/2013 10/22/2013



PT Field Work Per DG/GC Work Plans 8/26 to 9/27/2013 9/11 to 11/13/2013



Submit GC / DG PT Reports Per DG/GC Work Plans 10/25/2013 11/25/2013 / 1/28/14



EPA Comments on GC / DG PT Reports NS 11/22/2013 1/29, 2/20, 5/29/14



Submit Final DG PT Report 14 days or as specified by EPA 11/29/2013 3/14, 6/12/14, 6/1/15



EPA approval  DG PT Report NS 12/16/2014 2/1/2016



Submit Framework for AGCS NS NA 3/21/2014



EPA comments on Framework for AGCS NS NA 5/8/2014



Submit Gamma Cap Work Plan Addendum (GCWPA) NS NA 8/1/2014



EPA comments on GCWPA NS NA 10/8 and 11/12/2014



Submit response to EPA comments on GCWPA 14 days or as specified by EPA NA 10/14 and 10/31/14



Submit revised GCWPA NS 12/12/2014



EPA approval  of the GCWPA NS NA 4/3/2015



GCWPA Field Work NS NA 4/6 to 4/19/15



Submit GC Report Addendum (GCRA) Per GCWPA NA 6/5/2015



EPA Comments on GCRA NS NA 7/1/2015



Submit Final GCRA 14 days or as specified by EPA NA 7/31/2015



EPA approval GCRA NS NA 8/7/2015



Submit Soil Remedy - 90% Design Package for SW 
Grading and SMS and SWP / RA-J



 45 days after EPA approval of 
GC/DG PT reports



1/27/2014 
(Original 30% Soil)



3/3/2014



EPA Comments on 90% Design Package for SW 
Grading and SMS and SWP / RA-J



NS 3/6/2014 5/2/2014



Submit Final Design Package and Draft RAWP for SW 
Grading and SMS and SWP / RA-J



21 days after receipt of EPA 
comments on Pre-final RD



6/26/2014 6/2/2014



EPA review of FMC response to comments on Design 
for SW Grading and SMS and SWP / RA-J
EPA Comments on Draft RAWP for SW Grading and 
SMS and SWP/RA-J



NS NA 7/10/2014



Submit Final Design for SW Grading and SMS and 
SWP / RA-J and
Revised RAWP for SW Grading and SMS and 
SWP/RA-J and Contractor prepared plans



NS NS 7/18/2014



Distribute Final Emergency Response Plan to response 
agencies and schedule meeting(s)



NS NA 8/25/2014



EPA Approval RAWP for SW Grading and SMS and 
SWP / RA-J



NS NS 9/5/2014



Submit Final Site-Wide Grading Phase Design, Plans, 
Specifications and Supporting Documents, and 
Remedial Action Work Plan for Site-Wide Grading 
Phase as modified per EPA September 5, 2014 
approval with modifications



NS NS 9/15/2014



Bid Package Preparation - Soil Remedy NS NA 3/17/2014



Evaluate Bids / Recommendation NS NA 6/4/2014



Remedial Design - Site-Wide (SW) Grading and Stormwater Management System (SMS) and Stormwater Pipe (SWP) and RA-J Elements 3



Execute PTs to Support Soil Remedial Design



Performance Testing (PT) Work Plans - Soil Remedy



Remedial Design Work Plan



Additional Gamma Cap Study (AGCS)



Remedial Contractor Procurement - Site-Wide (SW) Grading and SMS and SWP and RA-J Elements 3



FMC OU Remedial Design and Remedial Action February 2016











Soil Remedial Design / Remedial Action Preliminary Schedule (Rev 10.1) 



RD Deliverable/Work Element Schedule per UAO Baseline 1 Planned Revised Plan Actual



Award Contract for SW Grading and SMS 45 days after EPA approval RAWP 7/10/2014 7/21/2014



Pre-Construction Inspection and Meeting 30 days after Award RA Contract 7/17/2014 9/9/2014



Start of Construction SW Grading and SMS 15 days after Pre-Con Meeting 7/28/2014 9/22/2014



Submit Soil Remedy - 30% Design Package for 
Gamma and ET Caps



 45 days after EPA approval of 
GC/DG PT reports



1/27/2014 3/3/2014



EPA Comments on 30% RD Package for Gamma and 
ET Caps



NS 3/6/2014 5/2/2014



Submit Soil Remedy Pre-Final (90/95%) RD Package 
for Gamma and ET Caps



 120 days after receipt of EPA 
comments on 30% RD



5/1/2014 1/21/2015



EPA Comments on Pre-Final RD Package for Gamma 
and ET Caps



NS 5/29/2014 6/3/2015



Submit draft revisions to Pre-Final RD Package per 
EPA comments



30 days after receipt of EPA 
comments on Pre-final RD



NA 7/6/2015



EPA Partial Approval of the Soil Remedy Revised Pre-
Final Remedial Design Report - ET caps



NS NA 8/7/2015



EPA comments on the resubmitted pages / documents 
of the Pre-Final Submittal



NS NA 9/30/2015



Submit Soil Remedy Pre-Final RD Package (revised 
pages, sections and/or drawings per EPA comments)



NS NA 10/21/2015



Submit Soil Remedy Final RD Package (Integrated for 
SW Grading, SMS, Gamma and ET Caps)



21 days after receipt of EPA 
concurrance/additional comments 



on revised Pre-final RD
6/26/2014 12/23/2015



EPA comments on Soil Remedy Final RD Package 
(Integrated for SW Grading, SMS, Gamma and ET 
Caps, and RA-G North)



NS NA 2/6/2016



Submit revised Soil Remedy Final RD Package 
(Integrated for SW Grading, SMS, Gamma and ET 
Caps and RA-G North)



14 days after receipt of EPA 
comments on Final RD



NA 2/22/2016



Submit Draft RAWP Soil Remedy Concurrent with Pre-Final RD 5/1/2014 1/21/2015



EPA Comments on RAWP Soil Remedy NS 5/29/2014 6/3/2015



Submit draft revisions to the Draft RAWP Soil Remedy
30 days after receipt of EPA 
comments on Draft RAWP



NA 7/6/2015



Submit revised Draft PSVP and OM&M Plan Soil 
Remedy       



54 days3 after receipt of EPA 
comments on Draft PSVP/   OM&M 



Plan
NA 7/27/2015



EPA Partial Approval of the Soil Remedy Revised Draft 
Remedial Action Plan - ET caps



NS NA 8/7/2015



EPA comments on the resubmitted pages / documents 
of the RAWP Soil Remedy



NS NA 9/30/2015



Submit RAWP revised pages, sections and/or 
drawings per EPA comments



NS NA 10/21/2015



Submit Final RAWP Soil Remedy Concurrent with Final RD 6/26/2014 12/23/2015



EPA comments on the resubmitted Draft PSVP and 
OM&M Plan 



NS NA 9/30/2015



Submit PSVP and OM&M Plan revised pages, sections 
and/or drawings per EPA comments



10/21/2015



Submit Final PSVP and OM&M Plan Soil Remedy
21 days after receipt of EPA 



concurrance/additional comments 
on revised PSVP / OM&MP



NA 12/23/2015



EPA comments on Soil Remedy Final RAWP, PSVP 
and OM&M Plan (Integrated for SW Grading, SMS, 
Gamma and ET Caps, and RA-G North)



NS NA 2/6/2016



Submit revised Soil Remedy Final RAWP, PSVP and 
OM&M Plan (Integrated for SW Grading, SMS, 
Gamma and ET Caps and RA-G North)



14 days after receipt of EPA 
comments on Final RD



NA 2/22/2016



Remedial Action Work Plan  - Gamma and ET Caps



Remedial Design - Gamma and ET Caps and RA-G North Redevelopment



Soil Remedial Action - Site-Wide (SW) Grading and SMS and SWP and RA-J Elements 2
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Soil Remedial Design / Remedial Action Preliminary Schedule (Rev 10.1) 



RD Deliverable/Work Element Schedule per UAO Baseline 1 Planned Revised Plan Actual



Bid Package Preparation - Soil Remedy NS 5/5/2014 8/3/20154



Evaluate Bids / Recommendation NS 6/26/2014 9/30/20154



EPA Approval Soil Remedy Final RD and RAWP NS 7/7/2014 3/4/2016



EPA Approval Soil Remedy Other Supporting 
Documents (PSVP and OM&M Plan)



NS 7/7/2014 3/4/2016



Award Contract for Capping Phase 45 days after EPA approval RAWP 7/10/2014 9/30/2015



Start of Construction - Capping Phase (ET caps) 15 days after Pre-Con Meeting 7/28/2014 10/19/2015



Completion of Construction 2015 ET Caps NS NA 11/30/2015



Submit CB&I project-specific Construction and CQC 
Plans



NS NA 1/13/2016



EPA Comments on CB&I project-specific Construction 
and CQC Plans



NS NA 2/6/2016



Submit Final project-specific Construction and CQC 
Plans



NS NA 2/22/2016



EPA approval CB&I Construction and CQC Plans NS NA 3/3/2016



Pre-Construction Inspection and Meeting for RA-G 
North Redevelopment (unless waived by EPA)



NA 3/3/2016



Start Construction Redevelopment Earthwork NS NA 3/7/2016



Completion of Construction Redevelopment NS NA 11/10/2016



Issue Request for Bid NS NA 12/1/2015



Bid due date NS NA 1/6/2016



Selection / Award NS NA 2/19/2016



Submit Contractor Plans to EPA NS NA 3/4/2016



EPA approval of Contractor Plans NS NA 4/1/2016



Pre-Construction Inspection and Meeting for 2016 
capping (unless waived by EPA)



NS NA 4/6/2016



Start construction NS NA 4/6/2016



Construction completion  - Soil Remedial Action NS NA 11/16/2016



Institutional Control Implementation and Assurance Plan Submit with 30% RD for Soil RA 1/27/2014 3/3/2014



EPA Comments on ICIAP NS 4/28/2014 5/2/20144



Submit revised Draft ICIAP NS NS 1/21/2015



EPA comments on Draft ICIAP NS NS 3/1/2016



Submit Final ICIAP 14 days or as specified by EPA 5/12/2014 3/15/2016



EPA Approval ICIAP NS 6/11/2014 4/15/2016



Implement ICIAP Per ICIAP



1 Baseline schedule is the Planned schedule from Table 6-1 of the draft RDWP, August 2013.



NS means no schedule (timeframe) specified in UAO.



NA means the item was not included in the baseline schedule.



Remedial Contractor Procurement - 2015 ET Caps



4 Per EPA 5/2/14 comments on the ICIAP, the comments are preliminary and additional comments may be provided at a later date.



2 The stormwater pipe element is for cleaning and removal of sediment within the stormwater piping and the RA-J element is excavation of upper 6 inches 
of soil and removal / transport onto the FMC Plant Site for use as general fill during site-wide grading.



Institutional Control Program



Soil Remedial Action - 2015 ET Capping Phase



3 Based on EPA's July 15, 2015 verbal approval of FMC's July 2, 2015 request for an extension, the revised Draft PSVP and Draft OM&M Plan were 
submitted with affected text and/or sections shown in yellow highlight on July 27, 2015.



Soil Remedial Action - RA-G North Redevelopment Earthworks and Buildout



Soil Remedial Action - 2016 Capping Phase
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Groundwater Remedial Design / Remedial Action Preliminary Schedule (Rev 10.1) 



RD Deliverable/Work Element Schedule per UAO Baseline1 



Planned
Revised Plan Actual



Submit Remedial Design Work Plan W/in 45 days EPA approval SC 8/12/2013



EPA Comments on RDWP NS 9/13/2013 10/28 and 12/12/2013



Submit Final RDWP 14 days or as specified by EPA 9/27/2013 12/19/2013



EPA Approval RDWP NS 10/14/2013 12/19/2013



Groundwater Extraction Zone Hydrogeologic (EZH) Work Plan W/in 60 days EPA approval SC 7/15/2013



EPA Comments on GW EZH Work Plan NS 8/16/2013 9/16 and 12/6/2013



Submit Final Groundwater EZH Work Plan 14 days or as specified by EPA NA 1/10/2014



EPA approval of Groundwater EZH Work Plan NS 8/16/2013 2/6/2014



Submit GW Bench-top Treatability Study (BTS) Work Plan NS NA 5/23/2014



PT Field Work Per GW EZH Work Plan 8/26 to 11/8/2013 3/24 to 5/13/2014



Submit GW EZH Report Per GW EZH Work Plan 1/10/2014 8/4/2014



EPA Comments on GW EZH Report NS 2/7/2014 12/4/2014



Submit Revised GW EZH Report 14 days or as specified by EPA 2/14/2014 1/9/2015



EPA approval GW EZH Report NS 2/28/2014 10/18/2015



Laboratory Bench-topTreatability Study Per BTS Work Plan NA 7/22 to 8/13/2014



Submit BTS Report in GW Remedy - 30% Design Package Per BTS Work Plan NA 1/30/2015



Submit Groundwater Remedy - 30% Design Package
 45 days after EPA approval of GW 



EZH Report
3/24/2014 1/30/2015



EPA Comments on 30% RD Package NS 4/21/2014 5/1/2015



Submit Work Plans for GW Treatment Plant Foundation 
Design and Infiltration Basin Geotechnical Evaluations



NS NA 7/22/2015



EPA Comments on Geotechnical Evaluation Work Plans NS NA 8/7/2015



EPA Follow-up Comments to FMC Groundwater Flow 
Modeling Update Presentation of July 1, 2015



NS NA 7/17/2015



Submit Work Plan for Pneumatic Testing of Select FMC OU 
and Off-Plant OU Wells for Hydraulic Conductivity



NS NA 7/31/2015



EPA Comments on Work Plan for Pneumatic Testing for HC NS NA 8/7/2015



Submit Responses and Revised Work Plans for Geotechnical 
Evaluations and Pneumatic Testing for HC



NS NA 8/14/2015



EPA approval Work Plans for Geotechnical Evaluations and 
Pneumatic Testing for HC



NS NA 8/24/2015



Field Implementation of Work Plans for Geotechnical 
Evaluations and Pneumatic Testing for HC



Per schedules in the Work Plans NA 8/25 to 8/28/2015



Submit Groundwater Remedy - 60% Design Package 2
90 days after EPA comments on 



30% RD
7/21/2014 11/27/2015



EPA Comments on 60% RD Package NS 8/22/2014 3/18/2016



Submit Pre-Final (90/95%) Groundwater RD Package 
90 days after receipt of EPA 



comments on 60% RD
10/24/2014 6/28/2016



EPA Comments on Pre-Final RD Package NS 11/24/2014 8/26/2016



Submit Groundwater Remedy Final RD Package
21 days after receipt of EPA 
comments on Pre-final RD



12/15/2014 9/16/2016



Remedial Design Work Plan



Performance Testing (PT) Work Plans - Groundwater Remedy



Execute PTs to support Groundwater (GW) Remedial Design



Remedial Design - Groundwater Remedy
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Groundwater Remedial Design / Remedial Action Preliminary Schedule (Rev 10.1) 



RD Deliverable/Work Element Schedule per UAO Baseline1 



Planned
Revised Plan Actual



Submit Draft RAWP Groundwater Remedy Concurrent with Pre-Final RD 10/24/2014 6/28/2016



EPA Comments on RAWP NS 11/24/2014 8/26/2016



Submit Groundwater Remedy Final RAWP Concurrent with Final RD 12/15/2014 9/16/2016



Bid Package Preparation Groundwater Remedy NS 10/30/2014 2/8/2016



Evaluate Bids / Recommendation NS 12/19/2014 3/11/2016



EPA Approval Groundwater Remedy Final RD and RAWP NS 1/15/2015 10/19/2016



Award RA Contract - Groundwater 45 days after EPA approval RAWP 3/1/2015 4/29/2016



Pre-Construction Inspection and Meeting 30 days after Award RA Contract 3/31/2015 11/16/2016



Start of Construction 15 days after Pre-Con Meeting 4/14/2015 11/28/2016



1 Baseline schedule is the Planned schedule from Table 6-2 of the draft RDWP, August 2013.



NS means no schedule (timeframe) specified in UAO.



NA means the item was not included in the baseline schedule.



2 Per EPA verbal approval on November 13, 2015, FMC submitted the Groundwater Intermediate (60%) Engineering Design Submittal to EPA on November 27, 
2015. 



Remedial Contractor Procurement



Groundwater Remedial Action



Remedial Action Work Plan  - Groundwater Remedy
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From: Williams, Jonathan
To: Benchouk, Michele [USA]
Cc: McDonnell, Kimberlee
Subject: FW: FMC Pocatello USC Drawing/Table 10-26-15
Date: Monday, February 08, 2016 3:56:06 PM
Attachments: image001.png


FMC USC Events-Quantities 102615.pdf
USC Locations 10262015.pdf


Attached is the final USC report for the 2015 grading phase of remedial action construction.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Marguerite Carpenter [mailto:MARGUERITE.CARPENTER@fmc.com] 
Sent: Wednesday, October 28, 2015 2:53 PM
To: Cliff Merrill <cliffm@coopercm.com>; darlene.mccray@akana.us; Doug Tanner
 <Douglas.Tanner@deq.idaho.gov>; Ed Greutert <greutert_ed@bah.com>; susanh@ida.net;
 Williams, Jonathan <Williams.Jonathan@epa.gov>; Kelly Wright <kwright@sbtribes.com>; Scott
 Miller <Scott.Miller@deq.idaho.gov>; Tim.Norman@Akana.us
Cc: davidh@SummitLaw.com; Rob Hartman <Rob.J.Hartman@mwhglobal.com>
Subject: FMC Pocatello USC Drawing/Table 10-26-15
 
Jonathan
Attached are the locations and quantities of USC events through October 26, 2015.  Please don’t
 hesitate to call if you have questions
Regards,
Marjo
 
Marguerite Carpenter, PhD
Associate Director, EHS Rem/Gov
FMC Corporation
1735 Market Street
Philadelphia, PA  19103
Phone 215-299-6210


 
Please be advised that this transmittal may be privileged or confidential.  If you are not the intended
 recipient, please do not read, copy or re-transimit this communication.  If you have received this
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10/01/14  
(09:30) USC-1 10/03/14 (08:30) 1.000



09:30 (MST) USC-1, occurred at NW Corner of RA-F in vicinity of Crusher Pad.  
KW responded and chased area until limits of USC where identified, KW 
collected approximately 1 CY (not including cover sand) of material and staged it 
in the vicinity of USC covered it with sand and monitored. USC has been 
relocated to Coke Settling Basin-2.



10/03/14  
(12:00) USC-2 10/09/14  (17:30) 0.750



12:00 (MST) USC-2 occurred at NE corner  of RA-F (adjacent to access road that 
runs between RA-F and Calciner Ponds). KW responded and chased limits  and 
collected approximately 0.75 CY of material and is stabilized in area of USC. USC 
has been relocated to Coke Settling Basin-2.



10/6/14  
(11:10) USC-3 10/09/14  (17:30) 0.007



 11:10 (MST) USC-3 occurred, material was loaded in off road end dump at RA-F 
and truck deposited load into RA-C  where it was to be graded in as fill. It was 
when it was deposited into RA-C that USC was made. KW was notified and 
coned off area.. USC has been relocated to Coke Settling Basin-2.



10/6/14  
(11:52) USC-4 10/09/14  (17:30) 0.500



11:52 (MST) USC-4 occurred at SW Corner of RA-F (on top of slag pile). KW 
was notified and responded to the scene. This event did not burn out on its own, 
KW put it out with sand at 12:15 MST. Area of event is coned off. USC has been 
relocated to Coke Settling Basin-2.



10/7/14  
(10:46) USC-5 10/09/14  (17:30) 0.000



10:46 (MST) USC-5 occurred, material was loaded in off road end dump at RA-F 
and truck deposited load into RA-C just east of where USC-3 was deposited on 
10/6/14. . It was when it was deposited into RA-C that USC was made.  I was in 
area when this occurred, USC burned itself out in 1 minute.KW was notified and 
has arrived on the scene. USC has been relocated to Coke Settling Basin-2.



10/7/14  
(12:04) USC-6 10/09/14  (17:30) 0.500



At 12:04 (MST) USC-6 occurred, material was loaded in off road end dump at RA-
F and truck deposited load into RA-C, SE of where USC-5 was deposited today. 
It was when it was deposited into RA-C that USC was made. USC has been 
relocated to Coke Settling Basin-2.



10/7/14  
(15:10) USC-7 10/09/14  (17:30) 0.250



15:10 (MST) USC-7 occurred at SW Corner of RA-F (on top of slag pile, 40’ 
south of USC-4). KW has responded to the scene and placed sand on USC to 
put out. USC has been relocated to Coke Settling Basin-2.



FMC Pocatello Undocumented Subsurface Conditions



Event ID
Date/Time (MST) 



Event area 
released



Quantity in CY  
(not including 



sand)
Event Details



Date/Time 
(MST) Event 
Discovered











Event ID
Date/Time (MST) 



Event area 
released



Quantity in CY  
(not including 



sand)
Event Details



Date/Time 
(MST) Event 
Discovered



10/8/2014  
(14:23) USC-8 10/09/14  (17:30) 0.250



14:23 (MST) USC-8 occurred, material was loaded in off road end dump at RA-F 
and truck deposited load into RA-C just west of where USC-3 was deposited on 
10/6/14.  It was when it was deposited into RA-C that USC was made.  The USC 
(a 2’ x 2’ carbon hearth block) stopped smoking by the time KW arrived on the 
scene. KW consolidated USC-8 with USC-5 and released area back to CB&I. 
USC has been relocated to Coke Settling Basin-2.



10/8/14  
(18:25) USC-9 10/09/14  (17:30) 0.007



18:25 (MST) USC-9 occurred. USC-9 is located in RA-F (East side top of pile SW 
of where USC-2 occurred ). USC-9 Stopped smoking by the time KW arrived on 
the scene USC has been relocated to Coke Settling Basin-2.



10/9/14 
(10:04) USC-10 10/09/14  (17:30) 0.250



10:04 (MST) USC-10 occurred. USC-10 is located in RA-F (West side top of 
slope ).  KW responded to the scene and relocated material to Coke Settling 
Basin-2.



10/9/14  
(10:27) USC-11 10/09/14  (17:30) 2.000 10:27 (MST) USC-11 occurred.  USC-11 is located in the valley of RA-F.  KW 



responded to the scene and relocated material to Coke Settling Basin-2.



10/9/14  
(11:01) USC-12 10/09/14  (17:30) 0.250



11:01 (MST) USC-12 occurred.  USC-12 is located in the valley of RA-F (at 
entrance on South end).  KW responded to the scene and relocated material to 
Coke Settling Basin-2.



10/9/14  
(11:55) USC-13 10/18/14 (16:10) 0.250



11:55 (MST) USC-13 occurred.  USC-13 is located in RA-F (Top of slag pile, 
West Side in an area that requires 23’ cut to meet grade) .  USC-13 is what KW 
is referring to as a “Tiger Pit Material” and is  the source of USC-11 and USC-12. 
 KW will delineate area.  CB&I has relocated load out operations 50’ south of 
USC-13. 



10/10/14  
(10:45) USC-14 10/11/14  (12:00) 1.000



10:45 (MST) USC-14 occurred. USC-14 is located RA-G-South-1-Spent Carbon 
Rod Pile. KW responded to the scene and relocated material to Coke Settling 
Basin-2.



10/14/14 
(15:25) USC-15 10/14/14 (16:20) 0.007



15:25 (MST) USC-15 occurred.  USC-15 is located RA-H-East. KW delineated 
the scene  and identified (1) "briquette" of material and released area back to 
CB&I control @ 16:20 on 10/14.14.



10/17/14 
(16:04) USC-16 10/17/14 (17:00) 0.007 At 16:04 (MST), USC-16 occurred.  USC-16 is located RA-F West (East slope of 



valley on North end).  KW has been notified and is responding to the scene. 



10/20/14  
(14:50) USC-17 10/21/14 (10:00) 0.007



14:50 (MST), USC-17 occurred.  USC-17 is located RA-F West (East slope of 
valley on North end) and consists of (3) smokers in a 20’ area approximately 30’ 
up from toe of slope.  KW is currently responding to the scene.  











Event ID
Date/Time (MST) 



Event area 
released



Quantity in CY  
(not including 



sand)
Event Details



Date/Time 
(MST) Event 
Discovered



10/20/14  
(16:30) USC-18 10/21/14 (15:00) 1.000



KW has identified and area on top slope RA-F West (east side slope north end), 
which could be possibly be the source for USC-17 and USC-16.  KW is 
delineating area and for tracking purposes this area will be identified as USC-18 
(instead of continuation of the other events).



10/22/14 
(11:00) USC-19 10/22/14 (11:31) 0.007



11:00 (MST),USC-19 occurred (event was quick and out in seconds).  USC-19 is 
located RA-F West-top of slag pile (event was quick and out in seconds).  KW 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-19, 
Cliff was onsite giving a tour with Tribal Environmental and Air Quality Reps at 
the time.



10/22/14 
(11:50) USC-20 10/22/14 (14:30) 0.007



11:50 (MST),  USC-20 occurred (this event was quick one also).  USC-20 is 
located RA-F West-top of slag pile, approximately 10’ North of USC-19 (event 
was quick and out in seconds).  KW has responded to the scene. Cliff Merrill 
(onsite EPA Rep) was notified of USC-20, Cliff Merrill  and  Tribal Environmental 
and Air Quality Reps were still onsite when this event occurred.



10/23/14 
(11:05) USC-21 10/23/14 (14:15) 0.500



11:05 (MST), USC-21 occurred.  USC-21 is located RA-G South 1.  KW is 
responding  to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-21 by 
phone. 



10/24/14 
(13:25) USC-22 10/24/14 (17:30) 0.750



13:25 (MST),  USC-22 occurred in RA-C , material being placed in RA-C is 
coming out of RA-F.  KW is responding  to the scene. Cliff Merrill (onsite EPA 
Rep) was notified of USC-22 by phone.



10/24/14 
(14:00) USC-23 10/25/14 (10:20) 0.300



14:00 (MST),USC-23 occurred in RA-F West (Top of Slag Pile).  KW has 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-23 by 
phone.



10/24/14 
(15:15) USC-24 10/24/14 (16:15) 1.000



15:15 (MST), USC-24 occurred in RA-F West (Top of Slag Pile).  KW  responded 
to the scene and delineated the area. Cliff Merrill (onsite EPA Rep) was notified 
of USC-24 by phone.



10/25/14 
(16:10) USC-25 10/25/14 (16:10) 0.250



14:45 (MST), on 10/25/14, USC-25 occurred in RA-F West (Top of Slag Pile). 
 KW has responded to the scene and delineated the area. Cliff Merrill (onsite 
EPA Rep) was notified of USC-25 by phone. 



10/27/14 
(09:10) USC-26 10/27/14 (09:40) 0.250



09:10 (MST), USC-26 occurred in RA-F (North end of the valley). KW has 
responded to the scene and delineated the area. Cliff Merrill (onsite EPA Rep) 
was onsite when this occurred and was notified of USC-26.
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Date/Time (MST) 
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released



Quantity in CY  
(not including 
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Event Details



Date/Time 
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10/27/14 
(13:42) USC-27 10/27/14 (16:15) 0.037



13:42 (MST),  USC-27 occurred (2) smokers in RA-F, (North end of valley).  KW 
has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-27 
by phone.  



10/27/14 
(14:45) USC-28 10/28/14 (12:15) 1.500



14:45 (MST),  USC-28  occurred in RA-F West, (Top of slag pile).  KW has 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-28 by 
phone.  



10/27/14 
(15:20) USC-29 10/28/14 (13:30) 0.037



15:20 (MST), USC-29 occurred in RA-F West, (Top of slag pile-North end).  KW 
has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-29 
by phone.  



10/27/14 
(15:49) USC-30 10/27/14 (17:35) 0.037



15:49 (MST), USC-30 occurred in RA-F West, (Top of slag pile-North end) 
approximately 20’ North of USC-29.  KW has responded to the scene. Cliff Merrill 
(onsite EPA Rep) was notified of USC-30 by phone.  



10/27/14 
(16:50) USC-31 10/27/14 (17:50) 0.055



16:50 (MST), USC-31 occurred in RA-F West, (North end of the valley).  KW has 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-31 by 
phone.  



10/27/14 
(16:51) USC-32 10/27/14 (18:00) 0.037



16:51 (MST), USC-32 occurred in RA-F West, (South end of the valley).  KW has 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-32 by 
phone.  



10/28/14 
(14:10) USC-33 10/28/14 (18:10) 0.019



14:10 (MST),USC-33 occurred in RA-F West, (top of slag pile).  KW has 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-33 by 
phone.  



10/28/14 
(17:00) USC-34 10/28/14 (17:25) 0.007 17:00 (MST), USC-34 occurred in RA-C.  KW has responded to the scene. Cliff 



Merrill (onsite EPA Rep) was notified of USC-34 by phone.  
10/28/14 
(17:50) USC-35 10/28/14 (18:10) 0.007 17:50 (MST),  USC-35 occurred in RA-C.  KW has responded to the scene. Cliff 



Merrill (onsite EPA Rep) was notified of USC-35 by phone.  
10/30/14 
(13:40) USC-36 10/30/14 (15:00) 0.037 13:40 (MST),USC-36 occurred in RA-G South 1.  KW has responded to the 



scene. Cliff Merrill (onsite EPA Rep) was notified of USC-36 by phone.  



10/30/14 
(14:10) USC-37 10/30/14 (15:20) 0.007



14:10 (MST), USC-37 occurred in RA-G South 1 (approximately 75’ SE of USC-
36).  KW has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified 
of USC-37.  



10/30/14 
(15:25) USC-38 10/30/14 (16:00) 0.007 15:25 (MST), USC-38 occurred in RA-F West (top of slag pile). KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-38











Event ID
Date/Time (MST) 



Event area 
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Quantity in CY  
(not including 
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10/31/14 
(08:25) USC-39 11/01/14 (11:57) 4.000



08:25 (MST) USC-39 occurred in RA-F West (top of slag pile). KW has 
responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-39. 
 KW will continue with delineation on 11/1/14. KW removed approximately 11.9 
CY  (including stabilization sand)of material from this area.



10/31/14 
(09:28) USC-40 10/31/14 (14:50) 0.004 09:28 (MST),USC-40 occurred in RA-F West (top of slag pile). KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-40.  



10/31/14 
(13:50) USC-41 11/01/14 (08:45) 0.500



13:50 (MST), USC-41 occurred in RA-G South 1.  KW has responded to the 
scene. Cliff Merrill (onsite EPA Rep) was notified of USC-41.  KW will continue 
with delineation on 11/1/14.



11/01/14 
(12:44) USC-42 11/01/14 (17:57) 0.500



12:44 (MST),USC-42 occurred in RA-F (top of slag pile, consisting of 3 smokers). 
 KW has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of 
USC-42.  



11/01/14 
(15:15) USC-43 11/01/14 (15:40) 0.007 15:15 (MST),USC-43 occurred in RA-F-Valley. KW has responded to the scene. 



Cliff Merrill (onsite EPA Rep) was notified of USC-43.  



11/03/14 
(08:12) USC-44 11/03/14 (08:45) 0.004 08:12 (MST), on 11/03/14, USC-44 occurred in RA-F-Valley (South end). KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-44.  



11/03/14 
(14:20) USC-45 11/03/14 (14:45) 0.037 14:20 (MST), USC-45 occurred in RA-F-Valley (mid valley). KW has responded to 



the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-45.  



11/03/14 
(15:45) USC-46 11/04/14 (08:30) 0.007



15:45 (MST), USC-46 occurred in RA-F-Valley (North end). KW has responded to 
the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-46.  KW did not find 
any USC material after delineating area.



11/04/14 
(13:45) USC-47 11/04/14 (14:15) 0.000



13:45 (MST), USC-47 occurred in RA-F-Valley (mid-valley). KW has been notified 
and is responding to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-
47.  KW unable to find source of USC event after delineating area.



11/04/14 
(13:45) USC-48 11/04/14 (14:15) 0.007



13:46 (MST), USC-48 occurred in RA-F-West (top of pile). KW has been notified 
and is responding to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-
48.  



11/04/14 
(16:25) USC-49 11/04/14 (16:45) 0.007



16:25 (MST), USC-49 occurred in RA-F-Valley (North End). KW has been notified 
and is responding to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-
49.  
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Event area 
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Quantity in CY  
(not including 
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Date/Time 
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11/05/14 
(10:50) USC-50 11/05/14 (13:30) 0.055



10:50 (MST), USC-50 occurred in RA-B, material being placed in RA-B is coming 
from RA-F West (top of pile). KW has responded to RA-B and investigated 
source area in RA-F. KW released areas at 13:25.Cliff Merrill (onsite EPA Rep) 
was notified of USC 50.  



11/05/14 
(15:50) USC-51 11/05/14 (16:05) 0.000



15:50 (MST), USC-51 occurred in RA-F West (top of pile). KW is responding to 
the scene. Cliff Merrill (onsite EPA Rep) was notified of USC 51. KW unable to 
find source of USC event after delineating area.



11/05/14 
(16:35) USC-52 11/06/14 (09:05) 1.000



16:35 (MST), USC-52 occurred in RA-F West (top of pile). KW has responded to 
the scene and stabilized the area, KW will delineate on 11/6/14. Cliff Merrill 
(onsite EPA Rep) was notified of USC 52.  



11/06/14 
(10:40) USC-53 11/06/14 (16:45) 12.000 10:40 (MST), USC-53 occurred in RA-F Valley. KW has responded to the scene. 



Cliff Merrill (onsite EPA Rep) was notified of USC 53.  



11/06/14 
(10:42) USC-54 11/21/14 (17:00) 84.000



10:42 (MST), USC-54 occurred in RA-F West (top of pile). KW has responded to 
the scene. Cliff Merrill (onsite EPA Rep) was notified of USC 54.  KW worked on 
delineating area through out the day on 11/7/14 and did not complete, KW will 
resume delineation on 11/8/14. Delineation of USC-54 was not completed on 
11/8/14, to date approximately 30-35 CY of material was removed from event 
area, KW will resume with delineation on 11/10/14.



11/06/14 
(11:40) USC-55 11/06/14 (13:10) 0.037



11:40 (MST), USC-55 occurred in RA-C (material came out of an End Dump 
which was loaded in RA-F). KW has responded to the scene. Cliff Merrill (onsite 
EPA Rep) was notified of USC 55.  



11/07/14 
(10:50) USC-56 11/07/14 (11:30) 0.007



10:50 (MST),USC-56 occurred in RA-F West -South side on access ramp. The 
event when called in was reported as (1) smoker, when KW arrived on scene 
smoker was out. Cliff Merrill (onsite EPA Rep) was notified of USC 56.  



11/08/14 
(13:09) USC-57 11/08/14 (13:40) 0.007



13:09 (MST), on 11/8/14, USC-57 occurred in RA-F Valley-North end.  KW 
responded  to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC 57. 
 Tim Whiteus informed the CM that he collected (2) nuggets slightly larger than a 
softball each from this event.



11/10/14 
(08:48) USC-58 12/10/14 (12:00) 105.000



08:48 (MST), USC-58 occurred in RA-F East (top of slag pile).  KW responded  to 
the scene and stabilized the area. Cliff Merrill (onsite EPA Rep) was notified of 
USC 58. Tim Whiteus stated that on initial assessment of area USC-58 is a larger 
area than USC-54 which is still being delineated. Delineation of this event was 
completed on 12/10/14.











Event ID
Date/Time (MST) 



Event area 
released



Quantity in CY  
(not including 



sand)
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Date/Time 
(MST) Event 
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11/11/14 
(10:29) USC-59 11/11/14 (11:30) 0.007 10:29 (MST), USC-59 occurred in RA-F Valley (North end).  KW has responded 



to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC 59.  



11/11/14 
(14:59) USC-60 11/11/14 (16:15) 0.000



14:59 (MST), USC-60 occurred in RA-F Valley (North end, material came from 
top of RA-F East).  KW has responded to the scene. Cliff Merrill (onsite EPA Rep) 
was notified of USC-60.  KW unable to find source of USC event after 
delineating area.



11/13/14 
(16:00) USC-61 11/14/14 (08:30) 0.037 16:00 (MST), USC-61 occurred in RA-F West (top of slag pile)  KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-61.  



11/18/14 
(16:00) USC-62 11/19/14 (11:40) 0.500



16:00 (MST), USC-62 occurred in RA-F West (top of slag pile, North end)  KW 
has responded to the scene and stabilized the area. Cliff Merrill (onsite EPA Rep) 
was notified of USC-62.  KW will delineate USC-62 on 11/19/14.



11/18/14 
(16:34) USC-63 11/20/14 (16:00) 10.000



16:34 (MST),  USC-63 occurred in RA-F West, top of slag pile, North end 
approximately 50 yards SW of USC-62. KW has responded to the scene and 
stabilized the area. Cliff Merrill (onsite EPA Rep) was notified of USC-63.  KW will 
delineate USC-63 on 11/19/14.



11/19/14 
(08:19) USC-64 11/19/14 (11:40) 0.500



08:19 (MST), USC-64 occurred in RA-F West, top of slag pile, North end. KW 
has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-
64.  



11/19/14 
(15:02) USC-65 11/19/14 (15:25) 0.007



15:02 (MST),  USC-65 occurred in RA-F West, top of slag pile, North end. KW 
has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-
65.  



11/19/14 
(16:05) USC-66 11/19/14 (16:40) 0.007 16:05 (MST),USC-66 occurred in RA-F West, top of slag pile, North end. KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-66.  



11/20/14 
(07:45) USC-67 11/20/14 (10:30) 0.037



07:45 (MST),  USC-67 occurred in RA-F West, top of slag pile, just north of USC-
63, North end. KW was notified and responded to the scene and stabilized. Cliff 
Merrill (onsite EPA Rep) was notified of USC-67.  



11/21/14 
(13:52) USC-68 11/21/14 (14:20) 0.007 13:52(MST), USC-68 occurred in RA-F Valley (north end) KW has responded to 



the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-68. 



11/22/14 
(08:21) USC-69 11/22/14 (08:50) 0.037 08:21 (MST), USC-69 occurred in RA-F Valley (north end) KW has responded to 



the scene and stabilized. Cliff Merrill (onsite EPA Rep) was notified of USC-69.  
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(not including 
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Date/Time 
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11/22/14 
(11:50) USC-70 11/22/14 (12:10) 0.037 11:50 (MST), USC-70 occurred in RA-F Valley (north end) KW has responded to 



the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-70.  



11/22/14 
(15:35) USC-71 11/26/14 (08:30) 18.000



15:35 (MST), USC-71 occurred in RA-F West ,top of slag pile, in vicinity of where 
USC-54 was located.  KW is responding to the scene. Cliff Merrill (onsite EPA 
Rep) was notified of USC-71.  KW released USC-71 0n 11/26/14.



11/25/14 
(16:20) USC-72 11/25/14 (16:40) 0.019



16:20 (MST), USC-72 occurred in RA-F West ,top of slag pile NW corner.  KW 
has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-
72.  



11/26/14 
(10:29) USC-73 11/26/14 (12:00) 0.037 10:29 (MST), USC-73 occurred in RA-F West ,top of slag pile.  KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-73.  



12/01/14 
(10:29) USC-74 12/01/14 (17:00) 0.111



14:30 (MST),  USC-74 occurred in RA-F (west side of the valley approximately 
10’ from toe of slope), dozer was pushing material from the top of RA-F West . 
 KW has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of 
USC-74.  



12/02/14 
(08:00) USC-75 12/02/14 (08:30) 0.007



08:00 (MST), USC-75 occurred in RA-F (west side of the valley approximately 
100’ south of north end and  20’ from toe of slope), dozer was pushing material 
from the top of RA-F West .  KW has responded to the scene. Cliff Merrill (onsite 
EPA Rep) was notified of USC-75.  



12/02/14 
(13:20) USC-76 12/02/14 (16:50) 0.007 13:20 (MST), USC-76 occurred in RA-F West (top of slag pile) .  KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-76.  



12/04/14 
(14:54) USC-77 12/04/14 (15:30) 0.007 14:54(MST), USC-77 occurred in RA-F West (top of slag pile) .  KW has 



responded to the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-77.  



12/09/14 
(15:20) USC-78 12/10/14 (08:30) 0.007



15:20 (MST), USC-78 Occurred in RA-F West. KW has responded and removed 
a 4"x4"x3" piece. KW will delineate and search for more material. Cliff Merrill 
(onsite EPA Rep) was notified of USC-78.  



12/10/14 
(10:19) USC-79 12/15/14 (15:45) 170.000



10:19 (MST), on 12/10/14, USC-79 occurred in RA-F West (top of slag pile, top of 
west slope in vicinity of where USC-78 occurred).  KW has responded to the 
scene. Cliff Merrill (onsite EPA Rep) was notified of USC-79.  



12/12/14 
(08:20) USC-80 12/12/14 (08:35) 0.007



08:20 (MST),USC-80 occurred in RA-F East (top of slag pile, in the area where 
USC-58 occurred).  KW has responded to the scene. Cliff Merrill (onsite EPA 
Rep) was notified of USC-80. 
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12/12/14 
(08:55) USC-81 12/12/14 (09:00) 0.007



08:55 (MST),USC-81 occurred in RA-F West Slope of Valley (material dozer 
pushed from top of RA-F).  KW has responded to the scene. Cliff Merrill (onsite 
EPA Rep) was notified of USC-81.  



12/12/14 
(09:03) USC-82 12/12/14 (09:20) 0.007 09:03 (MST), USC-82 occurred in RA-F  Valley North end.  KW has responded to 



the scene. Cliff Merrill (onsite EPA Rep) was notified of USC-82.  



12/12/14 
(11:20) USC-83 12/12/14 (11:30) 0.000



11:20 (MST), USC-83 occurred in RA-B (material being placed is from top of slag 
pile RA-F East).  KW  has responded to the scene Cliff Merrill (onsite EPA Rep) 
was notified of USC-83.  KW reported that they could not locate any material 
to recover from this event. 



12/12/14 
(13:40) USC-84 12/12/14 (14:15) 0.007



13:40 (MST),  USC-84 occurred in RA-F East (top of slag pile in vicinity of USC-
80).  KW has responded to the scene. Cliff Merrill (onsite EPA Rep) was notified 
of USC-84.  



12/13/14 
(08:19) USC-85 12/13/14 (10:30) 0.045



08:19 (MST), USC-85 occurred in RA-B (material that is being placed is coming 
from RA-F East top of slag pile).  KW has responded to the scene. Cliff Merrill 
(onsite EPA Rep) was notified of USC-85.  



12/13/14 
(11:34) USC-86 12/13/14 (12:00) 0.007



11:34 (MST), USC-86 occurred in RA-F East, top of slag pile in NW corner where 
dozers are pushing. KW has responded to the scene. Cliff Merrill (onsite EPA 
Rep) was notified of USC-86.  



12/19/14 
(07:30) USC-87 12/19/14 (16:00) 0.000



07:30  (MST),  USC-87 -RA-C requires a cut to meet grade, within the cut is an 
abandoned Phossy Water Line. KW was on scene throughout the day to respond 
to and investigate any other pipe exposed during grading operations. Cliff Merrill 
(onsite EPA Rep) was notified of USC-87.  CB&I exposed Phossy water line 
intact. The grading plan for this area of RA-C was modified (as submitted to EPA 
January 21, 2015) to eliminate cut and the exposed line will be re-covered with 
fill.



3/11/15 
(12:00) USC-88 3/13/15 (15:00) 0.007



12:00 (MST), USC-88 occurred in RA-F, (North end in the area where CB&I is 
expanding crusher pad). KW has responded to the scene and stabilized. No EPA 
rep available to notify on this event.



3/12/15 
(14:58) USC-89 3/13/15 (15:30) 100.000 14:58 (MST), USC-89 occurred in RA-F West , top of slag pile mid-way,  top of 



west slope. KW has responded to the scene and stabilized. 



3/16/15 
(15:10) USC-90 3/16/15 (15:30) 0.007



15:10 (MST), USC-90 occurred in RA-F-North end in haul road between RA-F 
East and RA-F West,(South of crusher pad area). KW has responded to the 
scene and stabilized. Cliff Merrill EPA rep was notified.
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3/17/15 
(09:43) USC-91 3/20/15 (11:30) 65.100 09:43 (MST), USC-91 occurred in RA-F western slope. KW has responded to the 



scene and stabilized. Cliff Merrill EPA rep was notified.
3/17/15 
(10:27) USC-92 3/17/15 (10:50) 0.007 10:27  (MST), USC-92 occurred in RA-B/C fill area. KW has responded  to the 



scene. Cliff Merrill EPA rep was notified.
3/17/15 
(11:07) USC-93 3/21/15 (17:45) 0.207 11:07  (MST), USC-93 occurred in RA-B/C fill area. KW has responded to the 



scene. Cliff Merrill EPA rep was notified.
3/18/15 
(09:55) USC-94 3/18/15 (10:40) 0.007 09:55  (MST), USC-94 occurred in RA G-North.  KW has responded  to the 



scene. Cliff Merrill EPA rep was notified.



3/20/15 
(12:10) USC-95 5/9/15 (17:00) 36.800



12:10  (MST), USC-95 occurred in RA C near power lattice tower in NW corner. 
KW was notified and responded  to the scene and began delineation . Cliff Merrill 
EPA rep was notified. Area was closed on 5/9/15.



3/23/15 
(14:56) USC-96 3/28/15 (17:45) 5.090 14:56  (MST), USC-96 occurred in RA B.  KW has been notified and is 



responding  to the scene. Cliff Merrill EPA rep was notified.
3/23/15 
(15:05) USC-97 3/23/15 (17:00) 0.074 15:05  (MST),USC-97 occurred in RA C (approx 100 yards east of USC-95) .  KW 



has responded to the scene. Cliff Merrill EPA rep was notified.
3/23/15 
(15:36) USC-98 3/28/15 (17:45) 3.620 15:36  (MST), USC-98 occurred in RA C (east side) .  KW has responded  to the 



scene. Cliff Merrill EPA rep was notified.
3/30/15 
(09:15) USC-99 3/30/15 (09:40) 0.001 09:15  (MST),  USC-99 occurred in RA G North .  KW has been notified and is 



responding  to the scene. Cliff Merrill EPA rep was notified.
3/30/15 
(10:15) USC-100 3/30/15 (10:40) 0.001 10:18  (MST),  USC-100 occurred in RA-F (Crusher Pad Area) .  KW was notified 



and has responded  to the scene. Cliff Merrill EPA rep was notified.
3/31/15 
(16:56) USC-101 3/31/15 (17:30) 0.003 16:56  (MST),  USC-101 occurred in RA-North (South Side) .  KW was notified 



and has responded  to the scene. Cliff Merrill EPA rep was notified.



4/1/15 (11:45) USC-102 4/1/15 (16:15) 2.500 11:45  (MST), 04/01/15, USC-102 occurred in RA-F West-top of west slope .  KW 
was notified and has responded  to the scene. Cliff Merrill EPA rep was notified.



4/6/15 (09:40) USC-103 4/6/15 (09:55) 0.003 09:40  (MST), USC-103 occurred in RA-G North.  KW has been notified and is 
responding to the scene. Cliff Merrill EPA rep was notified.



4/6/15 (12:04) USC-104 4/6/15 (14:40) 1.500
12:04  (MST),USC-104 occurred in RA-F East (North end; toe of East slope). 
 KW has been notified and is responding to the scene. Cliff Merrill EPA rep was 
notified.



4/6/15 (13:34) USC-105 4/6/15 (14:45) 0.003 13:34  (MST), USC-105 occurred in RA-B.  KW was  notified and responded to 
the scene. Cliff Merrill EPA rep was notified.



4/6/15 (14:30) USC-106 4/6/15 (15:15) 0.003 14:30  (MST), USC-106 occurred in RA-B (East end).  KW was  notified and 
responded to the scene. Cliff Merrill EPA rep was notified.











Event ID
Date/Time (MST) 



Event area 
released



Quantity in CY  
(not including 



sand)
Event Details



Date/Time 
(MST) Event 
Discovered



4/7/15 (08:55) USC-107 4/7/15 (16:40) 0.003 08:55 USC-107 occurred in RA-B (west end).  KW was  notified and responded to 
the scene. Darlene McCray EPA rep was notified.



4/8/15 (08:10) USC-108 4/8/15 (10:30) 1.750 08:10  (MST), USC-108 occurred in RA-B (center of pad).  KW was  notified and 
responded to the scene. Darlene McCray EPA rep was notified.



4/8/15 (11:48) USC-109 4/8/15 (17:30) 14.000 11:48  (MST), USC-109 occurred in RA-F East  (toe of east slope).  KW was 
notified and responded to the scene. Darlene McCray EPA rep was notified.



4/8/15 (12:15) USC-110 4/8/15 (13:15) 0.007 12:15  (MST), USC-110 occurred in RA-G North (east end).  KW was notified and 
responded to the scene. Darlene McCray EPA rep was notified.



4/9/15 (07:50) USC-111 4/9/15 (17:30) 0.007 07:50  (MST), USC-111 occurred in RA-B.  KW was notified and responded to 
the scene. Cliff Merrill EPA rep was notified.



4/9/15 (10:15) USC-112 4/9/15 (14:00) 7.500 10:15  (MST), USC-112 occurred in RA-F East  (toe of east slope).  KW was 
notified and responded to the scene. Cliff Merrill EPA rep was notified.



4/10/15 
(07:45) USC-113 4/10/15 (09:30) 0.000



07:55  (MST), USC-113 was opened in RA-F East  (toe of east slope) to explore 
area.  KW delineated area and found no material. Darlene McCray EPA rep was 
notified. 



4/10/15 
(13:50) USC-114 4/10/15 (14:55) 0.037



13:50  (MST), USC-114 occurred in RA-F West  (top of pile north end, near haul 
road).  KW was notified and responded to the scene. Darlene McCray EPA rep 
was notified.



4/11/15 
(12:16) USC-115 4/11/15 (17:30) 0.007 12:16  (MST), USC-115 occurred in RA-B.  KW was notified and responded to 



the scene. Darlene McCray EPA rep was notified.
4/11/15 
(14:00) USC-116 4/11/15 (17:30) 0.007 14:00 (MST), USC-116 occurred in RA-E North.  KW was notified and responded 



to the scene. Darlene McCray EPA rep was notified.
4/11/15 
(16:45) USC-117 4/11/15 (17:30) 0.037 16:45 (MST), USC-117 occurred in RA-F (south end of the valley).  KW was 



notified and responded to the scene. Darlene McCray EPA rep was notified.



4/13/15 
(15:10) USC-118 4/13/15 (16:15) 0.000



15:10 (MST), USC-118 occurred in RA-F East (top of slag pile).  KW was notified 
and responded  to the scene. Cliff Merrill EPA rep was notified. KW reported 
that they could not locate any material to recover from this event. 



4/13/15 
(16:15) USC-119 4/13/15 (17:15) 0.007 16:15 (MST), USC-119 occurred in RA-F East  (toe of slope, backside).  KW was 



notified and responded to the scene. Cliff Merrill EPA rep was notified.
4/14/15 
(10:12) USC-120 4/14/15 (17:15) 0.007 10:12 (MST), USC-120 occurred in RA-G North  (east end).  KW was notified and 



responded to the scene. Darlene McCray EPA rep was notified.
4/15/15 
(13:30) USC-121 4/15/15 (14:30) 0.007 13:30 (MST), USC-121 occurred in RA-B.  KW was notified and responded to the 



scene. Cliff Merrill EPA rep was notified.
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4/16/15 
(13:30) USC-122 4/16/15 (13:30) 0.002 09:14 (MST), USC-122 occurred at crushing operation in RA-F.  KW was notified 



and responded to the scene. Darlene McCray EPA rep was notified.



4/16/15 
(13:30) USC-123 4/16/15 (13:30) 0.000



11:00 (MST), USC-123 occurred in RA-D East, (RA-F material being placed in 
RA-D East). KW was notified and responded to the scene.. Darlene McCray EPA 
rep was notified.



4/17/15 
(17:00) USC-124 4/17/15 (17:30) 0.007 17:00 (MST), USC-124 occurred in RA-C.  KW was notified and responded to the 



scene. Darlene McCray EPA rep was notified.



4/18/15 
(11:20) USC-125 4/18/15 (12:00) 0.000



11:20 (MST),USC-125 occurred in RA-F East (top of slag pile).  KW was notified 
and responded to the scene. Darlene McCray EPA rep was notified. KW 
reported that they could not locate any material to recover from this event. 



4/24/15 
(08:37) USC-126 4/24/15 (09:00) 0.000



08:37 (MST), USC-126 occurred in RA-B (material being placed came from RA-F 
East).  KW was notified and responded to the scene. Darlene McCray EPA rep 
was notified.KW reported that they could not locate any material to recover 
from this event. 



4/24/15 
(15:03) USC-127 4/24/15 (16:00) 0.074



15:03 (MST), USC-127 occurred in RA-B (material being placed came from RA-F 
East).   KW was notified and responded to the scene. Darlene McCray EPA rep 
was notified.



4/25/15 
(14:03) USC-128 4/25/15 (15:00) 0.001 14:03 (MST), USC-128 occurred in RA-F East (top of slag pile). KW was notified 



and responded to the scene. Darlene McCray EPA rep was notified.



4/29/15 
(11:32) USC-129 4/29/15 (11:32) 0.001 11:32 (MST), USC-129 occurred in RA-F East (south side toe of slope).  KW was 



notified and responded to the scene. Darlene McCray EPA rep was notified.



4/30/15 
(08:42) USC-130 4/30/15 (09:45) 0.001 08:42 (MST), USC-130 occurred in RA-F East (top of slag pile).  KW was notified 



and responded to the scene. Darlene McCray EPA rep was notified.



5/2/15 (07:56) USC-131 5/2/15 (17:30) 0.002 07:56 (MST), USC-131 occurred in RA-G North (East end).  KW was notified and 
responded to the scene. Darlene McCray EPA rep was notified.



5/5/15 (08:15) USC-132 5/5/15 (08:45) 0.002 08:15 (MST), USC-132 occurred in RA-F Valley (south end). KW has been 
notified and is responding to the scene. Cliff Merrill EPA rep was notified.



5/6/15 (13:41) USC-133 5/6/15 (15:15) 0.001
13:41 (MST), USC-133 occurred in RA-F  West (North end, feed side of the 
crusher). KW has been notified and is responding to the scene. Cliff Merrill EPA 
rep was notified.



5/7/15 (13:30) USC-134 5/7/15 (14:00) 0.002 13:30 (MST),  USC-134 occurred in RA-F  West-Crushing Operations.  KW has 
been notified and is responding to the scene. Cliff Merrill EPA rep was notified. 
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Event area 
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Quantity in CY  
(not including 



sand)
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5/8/15 (09:35) USC-135 5/8/15 (12:00) 0.000
09:35 (MST), USC-135 occurred in RA-G  North-East end.  KW was notified and 
responded to the scene.. Cliff Merrill EPA rep was notified. KW reported that 
they could not locate any material to recover from this event. 



5/8/15 (13:20) USC-136 5/8/15 (17:00) 1.000 13:20 (MST),  USC-136 occurred in RA-E  North.  KW was notified and 
responded to the scene. Cliff Merrill EPA rep was notified.



5/8/15 (15:40) USC-137 5/8/15 (16:20) 0.005 15:40 (MST),  USC-137 occurred in RA-F  East (top of slag pile).  KW was 
notified and responded to the scene. Cliff Merrill EPA rep was notified.



5/11/15 
(09:27) USC-138 5/11/15 (11:00) 0.500 09:27 (MST), USC-138 occurred in RA-F  East (top of slag pile-NE Corner).  KW 



was notified and responded to the scene. . Cliff Merrill EPA rep was notified.



5/13/15 
(07:58) USC-139 5/13/15 (17:30) 0.500 07:58 (MST), USC-139 occurred in RA-E North-East end. KW was notified and 



responded to the scene.  Cliff Merrill EPA rep was notified.
5/13/15 
(13:22) USC-140 5/13/15 (14:00) 0.001 13:22 (MST), USC-140 occurred in RA-D East.  KW was notified and responded 



to the scene.  Cliff Merrill EPA rep was notified.



5/14/15 
(11:45) USC-141 5/14/15 (16:56) 0.000



11:45 (MST), USC-141 occurred in RA-F West (feed end of the crusher). KW 
was notified and responded to the scene. Tim Norman EPA rep was notified. KW 
reported that they could not locate any material to recover from this event. 



5/14/15 
(16:08) USC-142 5/14/15 (16:56) 0.002 16:08 (MST), USC-142 occurred in RA-F East (NE corner). KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.
5/15/15 
(16:07) USC-143 5/15/15 (17:00) 0.003 16:07 (MST), USC-143 occurred in RA-C. KW was notified and responded to the 



scene. Tim Norman EPA rep was notified.



5/16/15 
(11:10) USC-144 5/16/15 (12:10) 0.000



11:10 (MST), USC-144 occurred in RA-F West-NW Slope.  KW was notified and 
responded to the scene. Tim Norman EPA rep was notified. KW reported that 
they could not locate any material to recover from this event. 



5/18/15 
(16:15) USC-145 5/18/15 (16:50) 0.007 16:15 (MST), USC-145 occurred in RA-C (West end).  KW was notified and 



responded to the scene.. Tim Norman EPA rep was notified.



5/19/15 
(12:19) USC-146 5/19/15 (17:00) 0.035 12:19 (MST),  USC-146 occurred in RA-C (West end-South of lattice tower).  KW 



was notified and responded to the scene. Tim Norman EPA rep was notified.



5/20/15 
(15:13) USC-147 5/20/15 (16:30) 0.134 15:13 (MST),  USC-147 occurred in RA-F East (NE corner top of pile).  KW was 



notified and responded to the scene. Tim Norman EPA rep was notified.
5/21/15 
(07:38) USC-148 5/21/15 (17:30) 1.500 07:38 (MST),  USC-148 occurred in RA-F East (NE corner top of pile). KW was 



notified and responded to the scene. Cliff Merrill EPA rep was notified.
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5/28/15 
(15:35) USC-149 5/28/15 (17:30) 0.074 15:35 (MST), USC-149 occurred in RA-F East (top of slag West side).  KW was 



notified and responded to the scene.. Cliff Merrill EPA rep was notified.
5/30/15 
(09:48) USC-150 5/30/15 (10:50) 0.050 09:48 (MST),  USC-150 occurred in RA-F East (top of slag pile).  KW was notified 



and responded to the scene. Cliff Merrill EPA rep was notified.
5/30/15 
(11:10) USC-151 5/30/15 (16:50) 0.074 11:10 (MST), USC-151 occurred in RA-C (West end near lattice tower).  KW was 



notified and responded to the scene. Cliff Merrill EPA rep was notified.



5/30/15 
(14:58) USC-152 6/18/15 (17:00) 0.025



14:58 (MST), USC-152 occurred in RA-C (SW corner).  KW was notified and 
responded to the scene. Cliff Merrill EPA rep was notified. Stabilized/Not 
Delineated,  CY of material recovered to date.



6/02/15 
(08:21) USC-153 6/02/15 (18:00) 0.001 08:21 (MST), USC-153 occurred in RA-F East (East side).  KW was notified and 



responded to the scene. Cliff Merrill EPA rep was notified.



6/05/15 
(14:00) USC-154 6/05/15 (17:15) 0.001 14:00 (MST), USC-154 occurred in RA-F East (top of slag pile in the middle). KW 



was notified and responded to the scene. Tim Norman EPA rep was notified.



6/06/15 
(09:33) USC-155 6/06/15 (17:30) 1.000



09:33 (MST), USC-155 occurred in RA-F West (North end-South of Crushing 
Plant).  KW was notified and responded to the scene. Tim Norman EPA rep was 
notified.



6/08/15 
(15:15) USC-156 6/08/15 (17:00) 0.000



15:15 (MST), USC-156 occurred in RA-C.  KW has been notified and is 
responding to the scene. Tim Norman EPA rep was notified. KW reported that 
they could not locate any material to recover from this event. 



6/09/15 
(07:30) USC-157 6/09/15 (17:00) 0.001 07:30 (MST), USC-157 occurred in RA-F East (top of slag pile).  KW was notified 



and responded to the scene. Tim Norman EPA rep was notified.



6/09/15 
(14:58) USC-158 6/09/15 (17:00) 0.003 14:58 (MST),  USC-158 occurred in RA-F West (South of crushing operation). 



KW was notified and responded to the scene. Tim Norman EPA rep was notified.



6/20/15 
(16:25) USC-159 6/22/15 (08:00) 0.001



16:25 (MST), USC-159 occurred in RA-F West (South of crushing operation). KW 
was notified and responded to the scene. Paul DesFosses EPA rep was notified. 
Area was stabilized but not delineated.



6/29/15 
(11:00) USC-160 6/29/15 (12:00) 0.000 11:00  (MST), USC-160 occurred in RA-F West (South of crushing operation). 



KW was notified and responded to the scene. Tim Norman EPA rep was notified.



6/29/15 
(15:30) USC-161 6/29/15 (17:00) 0.370 15:30  (MST), USC-161 occurred in RA-F West (South of crushing operation). 



KW was notified and responded to the scene. Tim Norman EPA rep was notified.
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6/29/15 
(15:30) USC-162 6/30/15 (11:00) 0.069 15:45 (MST), USC-162 occurred in RA-F East, South side.  KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.



7/06/15 
(13:15) USC-163 7/06/15 (17:00) 0.025



13:15 (MST), USC-163 occurred in RA-F East, top of slag pile.  KW was notified 
and responded to the scene. Cliff Merrill EPA rep was notified.



7/08/15 
(11:30) USC-164 7/08/15 (12:30) 0.000



11:30 (MST), USC-164 occurred in RA-F East, crushing operations. KW was 
notified and responded to the scene. Cliff Merrill EPA rep was notified. KW 
reported that they could not locate any material to recover from this event. 



7/10/15 
(09:38) USC-165 7/10/15 (16:30) 0.000



09:38 (MST), USC-165 occurred in RA-F West-feed side of the crusher.KW was 
notified and responded to the scene. Tim Norman EPA rep was notified. KW 
reported that they could not locate any material to recover from this event. 



7/13/15 
(13:40) USC-166 7/13/15 (17:00) 0.005 13:40 (MST), USC-166 occurred in RA-F West-feed side of the crusher. KW was 



notified and responded to the scene. Cliff Merrill EPA rep was notified.



7/14/15 
(16:28) USC-167 7/14/15 (17:00) 0.149



16:28 (MST), USC-167 occurred in RA-D North, the material came from RA-F 
East in the back of a haul truck . KW was notified and responded to the scene. 
Cliff Merrill EPA rep was notified.



7/14/15 
(16:35) USC-168 8/01/15 (08:00) 86.000



16:35 (MST), USC-168 occurred in from RA-F East top of slag pile-SW corner-
East of valley ramp. KW was notified and responded to the scene. Cliff Merrill 
EPA rep was notified.



7/16/15 
(08:22) USC-169 7/16/15 (15:00) 0.005



08:22 (MST), USC-169 occurred in RA-D North, the material came from RA-F 
East in the back of a haul truck . KW was notified and responded to the scene. 
Tim Norman EPA rep was notified.



7/17/15 
(09:00) USC-170 7/17/15 (17:00) 0.005



09:30 (MST), USC-170 occurred in RA-D North, south east corner of old pit 
area,(material came from the top of RA-F East in the back of an End Dump). KW 
was notified and responded to the scene. Tim Norman EPA rep was notified.



7/21/15 
(08:48) USC-171 7/21/15 (17:00) 1.000 08:48 (MST), USC-171 occurred in RA-F Valley-North end.  KW was notified and 



responded to the scene. Cliff Merrill EPA rep was notified.
7/21/15 
(15:05) USC-172 7/21/15 (17:00) 0.010 15:05 (MST), USC-172 occurred in RA-F (feed side of crusher). KW has been 



notified and responding to the scene. Cliff Merrill EPA rep was notified.
7/21/15 
(16:05) USC-173 7/21/15 (17:00) 0.025 16:05 (MST), USC-173 occurred in RA-F East North Slope. KW was notified and 



responded to the scene. Cliff Merrill EPA rep was notified.
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7/22/15 
(07:45) USC-174 7/22/15 (17:00) 0.005 07:45 (MST), USC-174 occurred in RA-F East North Slope. KW was notified and 



responded to the scene. Cliff Merrill EPA rep was notified.
7/22/15 
(12:14) USC-175 7/22/15 (17:00) 0.005 12:14 (MST),  USC-175 occurred in RA-G North.  KW was notified and 



responded to the scene. Cliff Merrill EPA rep was notified.
7/23/15 
(09:45) USC-176 7/23/15 (17:00) 0.005 09:45 (MST), USC-176 occurred in RA-F (North Valley). KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.
7/24/15 
(15:30) USC-177 7/24/15 (15:30) 0.005 14:55 (MST), USC-177 occurred in RA-F (North Valley).KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.
7/25/15 
(08:55) USC-178 7/25/15 (17:00) 0.010 08:55 (MST), USC-178 occurred in RA-F (North Valley). KW was notified and 



responded to the scene  Tim Norman EPA rep was notified.
7/25/15 
(15:10) USC-179 7/29/15 (17:00) 88.000 15:10 (MST), USC-179  occurred in RA-F West , feed side of the crusher. KW 



was notified and responded to the scene Tim Norman EPA rep was notified.
7/28/15 
(15:10) USC-180 7/28/15 (16:10) 0.005 14:15 (MST), USC-180  occurred in RA-F East (east side). KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.
7/29/15 
(08:25) USC-181 7/29/15 (17:00) 0.050 08:25 (MST), USC-181 occurred in RA-F Valley (North end). KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.
7/30/15 
(15:30) USC-182 7/30/15 (17:30) 0.050 15:30 (MST), USC-182 occurred in RA-F Valley (North end).KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.
7/31/15 
(07:38) USC-183 7/31/15 (17:00) 0.005 07:38 (MST), USC-183 occurred in RA-F Valley (North end).KW was notified and 



responded to the scene. Cliff Merrill EPA rep was notified.



7/31/15 
(11:11) USC-184 7/31/15 (13:00) 0.000



11:11 (MST), USC-184 occurred in RA-F West  (SW corner-toe of slope). KW 
was notified and responded to the scene. Cliff Merrill EPA rep was notified. KW 
reported that they could not locate any material to recover from this event. 



8/01/15 
(17:15) USC-185 8/01/15 (17:45) 0.000



17:15 (MST), USC-185 occurred in RA-F West, top of slag pile in haul road. KW 
was notified and responded to the scene. Cliff Merrill EPA rep was notified. KW 
reported that they could not locate any material to recover from this event. 



8/03/15 
(13:57) USC-186 8/03/15 (17:00) 0.005 13:57 (MST), USC-186 occurred in RA-F East, top of slag pile in haul road. KW 



was notified and responded to the scene. Tim Norman EPA rep was notified.



8/03/15 
(15:36) USC-187 8/03/15 (17:00) 0.005 15:36 (MST), USC-187 occurred in RA-F West, top of slag pile in haul road. KW 



was notified and responded to the scene. Tim Norman EPA rep was notified.
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8/04/15 
(09:12) USC-188 8/04/15 (17:00) 0.010 09:12 (MST), USC-188 occurred in RA-F East, Eastern slope. KW was notified 



and responded to the scene. Tim Norman EPA rep was notified.
8/04/15 
(10:15) USC-189 8/04/15 (17:00) 0.005 10:15 (MST), USC-189 occurred in RA-F –North valley. KW was notified and 



responded to the scene. Tim Norman EPA rep was notified.



8/11/15 
(10:10) USC-190 8/11/15 (17:00) 0.005



10:10 (MST), USC-190 occurred in RA-F –West (West slope-toe of slope along 
asphalt road). KW was notified and responded to the scene. Tim Norman EPA 
rep was notified.



8/11/15 
(14:00) USC-191 8/11/15 (17:00) 0.000



14:00 (MST), USC-191 occurred in RA-E North. KW was notified and responded 
to the scene. Tim Norman EPA rep was notified. KW reported that they could 
not locate any material to recover from this event. 



8/12/15 
(14:20) USC-192 8/12/15 (17:00) 0.002 14:20 (MST), USC-192 occurred in RA-F East (east slope-north end).  KW was 



notified and responded to the scene. Tim Norman EPA rep was notified.



8/15/15 
(08:50) USC-193 8/15/15 (17:00) 0.001 08:50 (MST), USC-193 occurred in RA-F East (SE corner –toe of slope ).  KW 



was notified and responded to the scene. Cliff Merrill EPA rep was notified.



8/22/15 
(17:00) USC-194 8/22/15 (17:30) 0.002 RA-F East top of slag pile - south central area. KW was notified and responded. 



Tim Norman EPA rep was notified.
8/24/15 
(08:55) USC-195 8/24/15 (17:00) 0.000 RA-F East top of slag pile - south central area east side. KW was notified and 



responded. Tim Norman EPA rep was notified.
8/25/15 
(15:28) USC-196 8/25/15 (17:00) 0.002 RA-E North. KW was notified and responded. Tim Norman EPA rep was notified.



8/25/15 
(16:12) USC-197 8/25/15 (17:00) 0.000 RA-E East, NE Slope Area. KW was notified and responded. Tim Norman EPA 



rep was notified.
8/29/15 
(07:59) USC-198 8/29/15 (17:00) 7.000 RA-E East, NE Bottom Slope Area. KW was notified and responded. Cliff Merrill 



EPA rep was notified.
8/31/15 
(16:30) USC-199 9/01/15 (16:15) 5.000 RA-E East, NE Bottom Slope Area. KW was notified and responded. Cliff Merrill 



EPA rep was notified.
9/3/2015 
(15:40) USC-200 9/3/2015 (17:15) 0.002 RA-E East, North Slope Area. KW was notified and responded. Tim Norman EPA 



rep was notified.
9/10/2015 



(12:23) USC-201 9/10/2015 (15:30) 0.000 RA-F West, haul road north of crusher pad.Tim Norman EPA rep was notified.



9/12/2015 
(08:05) USC-202 9/12/2015 (15:30) 0.330



RA-F West, Northwest side of slope above the crusher unit. Cliff Merrill EPA rep 
was notified.



9/14/2015 
(17:12) USC-203 9/15/2015 (17:00) 1.000



RA-F West, east side of the crusher. Cliff Merrill EPA rep was notified. K/W to 
prepare JPSA and begin recovery on 9/15/2015.
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9/16/2015 



(11:13) USC-204 9/16/2015 (17:15) 0.007
RA-F West, southwest of the crusher. Cliff Merrill EPA rep was notified. K/W 
responding.



9/18/2015 
(08:46) USC-205 9/18/2015 (17:15) 0.043



RA-F West, northeast of the crusher. Cliff Merrill EPA rep was notified. K/W 
responding.



10/3/2015 
(11:45) USC-206 10/3/2015 (11:53) 0.000



RA-F North, material went through the crusher unit. Cliff Merrill EPA rep was 
notified. K/W responded.



10/08/2015 
(08:40) USC-207 10/8/2015 (18:30) 0.000



RA-F North, material went through the crusher unit. Cliff Merrill EPA rep was 
notified. K/W responded.



10/19/2015 
(14:53) USC-208 10/19/2015 



(15:53) 0.000
RA-F North, material went through the crusher unit. Cliff Merrill EPA rep was 
notified. K/W responded.



10/20/2015 
(15:40) USC-209 10/20/2015 



(18:00) 0.015
RA-F North, Southwest of Crusher. Cliff Merrill EPA rep was notified. K/W 
responded.



10/21/2015 
(09:24) USC-210 10/21/2015 



(18:00) 0.000
RA-F North, material went through the crusher unit. Cliff Merrill and Tim Norman 
EPA representatives were notified. K/W responded.



10/21/2015 
(09:29) USC-211 10/21/2015 



(18:00) 0.000
RA-F North, material went through the crusher unit. Cliff Merrill and Tim Norman 
EPA representatives were notified. K/W responded.



10/21/2015 
(16:40) USC-212 10/21/2015 



(17:00) 0.001
RA-F North, Southeast of Crusher. Cliff Merrill and Tim Norman EPA 
representatives were notified. K/W responded.



10/22/2015 
(09:24 USC-213 10/22/2015 



(10:00) 0.000
RA-F North, material went through the crusher unit. Cliff Merrill and Tim Norman 
EPA representatives were notified. K/W responded.



10/22/2015 
(13:50) USC-214 10/22/2015 



(18:00) 0.035
RA-F North, at loading area of crusher. Tim Norman EPA rep was notified. K/W 
responded.



10/24/2015 
(09:33) USC-215 10/24/2015 



(10:00) 0.010
RA-F North, Southeast of Crusher. Cliff Merrill and Tim Norman EPA 
representatives were notified. K/W responded.



852.12Total CY not including stabilization 
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 communication in error, please notify me by e-mail (marguerite.carpenter@fmc.com) or by
 telephone and delete this message and any attachments.  Thank you in advance for your
 cooperation and assistance.
 


Click here to report this email as spam.



mailto:marguerite.carpenter@fmc.com

https://www.mailcontrol.com/sr/sAOytuPHc!nGX2PQPOmvUmzIM3fP2nK!jqB8HH3ZMfbRzBsWZvrN6tNzfeirDjgXXttGvqnQA0tzr!jqbv!p6A==






From: Williams, Jonathan
To: susanh@ida.net
Cc: Kelly Wright; McDonnell, Kimberlee
Subject: FW: FMC SITE REDEVELOPMENT AND USCs
Date: Wednesday, February 17, 2016 10:26:39 AM
Attachments: FMC Pocatello Memo_121515.pdf


2015 CERCLA Parameters for Managing Relocated USC aterial.pdf


Susan:
 
Here are the December 15 memos from FMC forwarded to you and others December 22.
 
 


From: Williams, Jonathan 
Sent: Tuesday, December 22, 2015 3:56 PM
To: 'Kelly Wright' <kwright@sbtribes.com>; 'Douglas.Tanner@deq.idaho.gov'
 <Douglas.Tanner@deq.idaho.gov>
Cc: 'Scott.Miller@deq.idaho.gov' <Scott.Miller@deq.idaho.gov>; susanh@ida.net; Sheldrake, Beth
 <sheldrake.beth@epa.gov>; Boyd, Andrew <Boyd.Andrew@epa.gov>; McDonnell, Kimberlee
 <McDonnell.Kimberlee@epa.gov>
Subject: FW: FMC SITE REDEVELOPMENT AND USCs
 
Kelly and Doug:
 
Attached are a couple of memos from FMC that EPA is evaluating.  Andy Boyd is our legal contact. 
 Feel free to call if you have questions.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Williams, Jonathan 
Sent: Monday, December 21, 2015 11:26 AM
To: Boyd, Andrew <Boyd.Andrew@epa.gov>
Cc: McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: FW: FMC SITE REDEVELOPMENT AND USCs
 
Attached are the two FMC memos I mentioned briefly in a voicemail earlier this morning.
 
Jonathan Williams, LHG
Remedial Project Manager



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=EB63580F70DD4D598779BB89417DEECC-WILLIAMS, JONATHAN

mailto:susanh@ida.net

mailto:kwright@sbtribes.com

mailto:McDonnell.Kimberlee@epa.gov

mailto:williams.jonathan@epa.gov

mailto:Boyd.Andrew@epa.gov

mailto:McDonnell.Kimberlee@epa.gov
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Memorandum 



To:  Marguerite Carpenter, FMC Corporation  Date:  December 15, 2015 



From:  Teresa S. Bowers, Ph.D. 
Kurt Herman, M. Eng., P.G. 
Julie C. Lemay, MPH 
Ali Boroumand, Ph.D. 



   



Subject:  FMC Pocatello, Idaho – Evaluation of Off‐Site Disposal of USC Material and Sand 



 



Executive Summary 



FMC produced elemental phosphorous at its phosphate ore processing facility in Pocatello, Idaho from 
the late 1940s to 2001.  The site-wide grading that has been conducted as part of the ongoing remedial 
action at the facility under the Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA) has encountered phosphorus-containing materials, primarily at the facility's slag pile, that 
were not previously documented as to location.  The CERCLA site documentation refers to these as 
Undocumented Subsurface Conditions (USC) materials.  The presence of phosphorus in the USC 
materials creates potential hazards to the site workers who handle it due to the fact that phosphorus can 
burn when exposed to air and create irritant phosphorus pentoxide smoke, and can generate toxic 
phosphine gas if in contact with water (FMC 2015; US EPA Region X, 1998).  This memorandum 
compares the risks to human health and the environment for an on-site disposal option and an off-site 
disposal option, with the options defined as follows:   
 
 Option 1:  On-site consolidation and capping. 



 Option 2:  Drumming materials from both the former coke basin and RA-F2; transport and 
disposal at an incineration facility in East Liverpool, Ohio. 



 
Off-site disposal involves drumming and transport of USC materials in 55-gallon drums, which were 
assumed to hold 500 lb/drum.  Drumming of the material from both on-site locations1 is expected to 
produce 4,231 drums.  There are significantly increased risks to on-site workers, off-site truck drivers, 
and the general population with off-site disposal of the USC materials, as compared to the on-site disposal 
option.  
 
 The on-site risks resulting from the physical labor required to implement Option 2 (load drums by 



hand and prepare drums for transport) vs. Option 1 (consolidate and cap) are higher by a factor of 
52 for both risk of injury and risk of fatality.   



 The total risk of fatality for workers is almost 500 times more for workers in Option 2 than 
Option 1.   



 The total risk for worker injury is nearly 100 times greater in Option 2 than in Option 1. 



                                                      
1 The USC materials contain phosphorus-contaminated debris and sand.  The number of drums required is based on an 
assumption that only 33% of the sand will be entrained with the USC materials and included in what is placed into drums. 
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 Based on the truck route between Pocatello, Idaho and East Liverpool, Ohio, it is estimated that 
14% of the truck miles traveled would occur in urban or urban cluster areas.  If an estimated 1% 
of truck crashes that result in property damage also result in release of phosphine gas, then the 
risk of a chemical release in a populated area is 3.05 x 10-4.2 



 Option 2 has a total estimate of 0.13 persons injured or killed during transport due to truck 
crashes, based on a total travel distance of approximately 242,000 truck-miles (Table 2).   



 Transport is also associated with greenhouse gas emissions (negligible under Option 1).  Under 
Option 2, emissions would include over 35,000 lbs of CO2 and over 120 lbs of PM10.  



 In addition to the risk quantified above, risks would be increased for workers under Option 2 
because there is unknown amount of larger objects among the USC materials that may require 
mechanical crushing via a skid steer mounted hydraulic hammer or other type of crusher to fit 
into 55-gallon drums.   



 



Worker Injury and Fatality Rates 



 Background – Consideration of risks to workers during remediation is central to evaluating the 
short-term effectiveness Balancing Criteria under CERCLA and the National Contingency Plan 
(NCP):   



 The NCP requires consideration of "[p]otential impacts on workers during remedial action 
and the effectiveness and reliability of protective measures" during the evaluation of short-
term effectiveness (300.430(e)(9)(iii)(E)); 



 CERCLA states that "the potential threat to human health and the environment associated 
with excavation, transportation, and re-disposal, or containment" must be evaluated during 
remedy selection (9621(b)(1)(G)); 



 US EPA's (1988) Remedial Investigation/Feasibility Study (RI/FS) Guidance states that 
"threats that may be posed to workers and the effectiveness and reliability of protective 
measures that would be taken" (p. 6-9) should be considered; 



 US EPA's (1991) Risk Assessment Guidance for Superfund (RAGS) Part C states risks that 
occur during remedy implementation may be considered during the remedy selection phase, 
including the "potential for injury due to physical hazards" (p. 20). 



 Site-specific analysis: 



 At the FMC Site, Option 2 (Drumming and Off-site Transport) involves significantly more 
worker labor, including construction laborers and truck drivers, than Option 1.  The 
drumming portion of Option 2 involves significantly more contact with the USC material 
than Option 1.  As a consequence of this contact, the risks of worker injury due to exposure to 
phosphorus contaminated material is increased.  As a consequence, the occupational risks of 
worker fatalities and injuries associated with Option 2 are much higher than Option 1, as 
summarized in Table 1.  For Option 2, occupational injury and fatality risks increase by 
almost 100 and 500 times, respectively, over Option 1. 



 During the design of process safety controls, FMC targets a low fatality risk of 1x10-6 (1 in 
1,000,000).  While the risks of fatality under Option 1 (8x10-6) slightly exceed the FMC 



                                                      
2 Calculated as round-trip miles (242,269 miles) x Property damage accidents (89.9 per 100 million miles driven) x roads in 
urban populated areas (14%) x estimated percent of truck crashes (1%). 
3 0.094 injuries in large truck crashes + 0.0035 fatalities in large truck crashes = 0.098 total injuries and fatalities. 
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safety target, the risks of fatality for on-site workers under Option 2 (4.1x10-4) significantly 
exceeds the FMC worker safety target.  



 
Table 1  Occupational Injury and Fatality Rates 



Risk Category 
Option 1: 
On‐site 
Disposal 



Option 2:
Drumming 



All 
Materials 



Option 2: 
Transport All 
Materials 



Factor higher 
for Option 2  
vs. Option 1 



Weighted 
Average Injury 
Rate (per 
10,000 hours) 



1.4E‐01a 2.5E‐01a 2.3E‐01b ‐ 



Weighted 
Average 
Fatality Rate 
(per 10,000 
hours) 



5.5E‐04a 9.8E‐04a 8.8E‐03b ‐ 



Labor 
(Equivalent 
Worker Hours) 



144 4,200 4,033 ‐ 



Risk ()c of 
injury  
(number of 
injury incidents) 



2.0E‐03a 1.0E‐01a 9.4E‐02b Option 2: 99x 
 



Risk ()c of 
fatality 
(number of 
injury incidents) 



8.0E‐06a 4.1E‐04a 3.5E‐03b Option 2: 495x 
 



Probability of at 
least one 
fatality (P)d 



8.0E‐06a 4.1E‐04a 3.5E‐03b ‐ 



Notes: 
(a)   Rate of  incidents for on‐site workers only (US Dept. of Labor, 2009, 2011).    Incidents 
include fatal and non‐fatal injuries or illnesses of construction workers in private industry 
due  to  slips,  trips,  falls,  contact  with  objects,  overexertion,  transportation  accidents, 
exposure  to  harmful  substances  or  environment,  fires,  explosions,  violence,  injuries  by 
persons or animals. 
(b)   Rate of  incidents for truck drivers and general public  in a crash  involving  large trucks 
(US DOT, 2014). 



(c)  Risk () = equivalent worker hours x weighted average rate. 
(d)  (P) is estimated using a Poisson distribution, where P = 1 – e‐. 



 
In addition to injuries and fatalities due to accidental exposure to phosphorus-contaminated material, the 
likelihood of heat-related illnesses occurring in workers is increased when workers use personal 
protection equipment (PPE).  The BLS reports that 0.3% of nonfatal occupational injuries are related to 
heat or light (US Dept. of Labor, 2013).  During drumming, workers are protected from accidental 
exposure to phosphorus-contaminated material through the use of aluminized suits, face masks, and 
gauntlet gloves.  High temperature, high humidity, and direct sun exposure are the most important risk 
factors for heat-related illnesses.  OSHA recommends that precautions, including work/rest schedules, are 
implemented when the heat index is 91oF or greater (OSHA, 2015).  Rates of heat-related illnesses are 
also influenced by a number of other factors including climate, strenuousness of labor, work/rest cycles, 
medical conditions, fluid intake, physical fitness, and age. 











     4 



 
G:\Projects\215085_FMC_Phosphorus\TextProc\m121515w.docx 



Potential Exposure to Human Populations 



 An analysis of the potential route for trucks carrying hazardous substances using US DOT 
National Highway Network data and US DOT Hazardous Material Routes indicates the one-way 
distance from the site to the incineration facility is 1,954 miles (US DOT, 2015a,b; ESRI, 2015).  
The round trip distance for each truck is 3,908 miles.   



 The potential route from Pocatello, Idaho to East Liverpool, Ohio crosses 16 urbanized areas 
which include populations of 50,000 or more people and an additional 19 urban cluster areas 
which include populations of 2,500 to 50,000 people (US Census Bureau, 2015).  Approximately 
14% of the route traverses these urban areas.4 



 The transport of drummed materials is expected to involve a total round-trip distance5 of 242,000 
miles for Option 2 using US DOT Hazardous Material Routes.  Data indicate the risk of injury or 
fatality to non-workers and workers is 0.0000004 per mile.  Thus the total estimate for persons 
injured or killed during transport is 0.098 for Option 2 (Table 2). 



 
Table 2  Injuries and Fatalities Rates for Large Trucks 



Risk Category 
Risk 



Estimate 



Option 2 
Estimates of Risk for  



All Materials 



Injuries in Large Truck 
Crashes (persons per 
mile)  



3.90E‐07 0.094



Fatalities in Large Truck 
Crashes (persons per 
mile)  



1.50E‐08 0.0035



Total Injuries and Fatalities: 0.098



Notes: 
The  risks  are  calculated  as  Risk  Estimate  x  Distance  x  Trips.    Option  2 
assumes 62 truck trips to transport 4,231 drums.   
The  injury  and  fatality estimates developed here based on miles  traveled 
are  essentially  the  same  as  those  presented  in  the  table  above  that  are 
based on hours driving. 



 
 Truck crashes that do not involve injury or fatality (e.g., property damage only), occurred in 2012 



at a rate of 89.9 accidents per 100 million miles driven (US DOT, 2014).  Based on the total 
round-trip distance expected, the risk of a truck crash involving property damage alone under 
Option 2 is 0.22.  Some percentage of such accidents may result in a release of phosphine gas, 
with potential exposure of the surrounding population.  If we assume for illustrative purposes that 
1% of such crashes will result in a release of phosphorus contaminated materials, and take into 
account that 14% of the miles driven are in urban or urban cluster areas, this yields the risk of a 
chemical release in an urban area of 3.0 x 10-4 for Option 2.   



 



                                                      
4 The one-way distance 1,953 miles includes 275 miles (14%) of roads in urban areas or clusters. 
5 Option 2 assumes 62 truck trips traveling 3,908 round-trip miles for a total of 242,269 miles.     
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Greenhouse Gas Generation 



 While onsite air emissions associated with Option 2 are expected to be minimal, our calculations 
indicate that greenhouse gas emissions associated with transporting 4,231 drums from Pocatello, 
Idaho to East Liverpool, Ohio using the hazardous substance-specific routes would be significant.  
For Option 2, greenhouse gases may be produced during transport as detailed in Table 3.  



 Option 2 mileage (242,269 round-trip miles) results in the release of approximately 120 pounds 
each of respirable particulates of either size fraction 2.5 micrometers or 10 micrometers, 240 
pounds each of volatile organic compound emissions or total hydrocarbon emissions, 1,200 
pounds of carbon monoxide, nearly 5,000 pounds of nitrogen oxides, and 35,000 pounds of 
carbon dioxide (Table 3). 



 Additional greenhouse gas emissions associated with incinerating the contaminated material are 
not included in the emissions estimates, but could also be estimated.   



 
Table 3  Greenhouse Gas Emissions Rates 



Pollutant  
Option 2 (Transport of total 
materials in 4,231 drums)  



Pounds 



VOC  243  



THC  246  



CO  1,279  



NOx  4,909  



PM2.5  115  



PM10  124  



CO2  35,251  
Note:  
The  estimates  for  CO2  were  calculated  based  on  2017  US  EPA 
Emissions  standards  for  low  roof,  sleeper  cab  tractors  (US  EPA, 
2011).    All  other  pollutant  estimates were  calculated  based  on 
Average  In‐Use Emissions  for heavy‐duty, diesel,  long‐haul  semi‐
tractor trailer rigs (US EPA, 2008). 
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CERCLA parameters for managing Undocumented Subsurface Condition materials 
relocated during remedial action implementation at the FMC Operable Unit of the 



Eastern Michaud Flats Superfund Site  



December 15, 2015 



 



A. Executive Summary 



 



The management of Undocumented Subsurface Condition (USC) materials encountered 



during remedial action site‐wide grading work at the FMC Operable Unit (OU) is an issue 



that the CERCLA Area of Contamination (AOC) policy, established under the NCP, is 



designed to address.  This memorandum evaluates the CERCLA parameters for 



management of these materials and concludes that given the widespread and contiguous 



contaminated areas at the FMC OU, encompassing the areas where the USC materials were 



encountered and where they have been re‐located, the AOC policy authorizes their 



management on‐site within the CERCLA remedial action.  Applying the AOC policy here also 



is consistent with EPA Region 10 Records of Decisions and supporting evaluations at other 



CERCLA sites.  Those Region 10 decisions, involving contiguous contaminated areas similar 



to those found at the FMC OU, demonstrate a consistent approach to designating broadly 



delineated AOCs in the CERCLA context.  Further, on‐site management of the USC materials 



is consistent with the remedial action selected in the Interim Amendment to the Record of 



Decision (IRODA) for the FMC OU (September 2012) and avoids the likely need for 



generating substantial CERCLA documentation supporting off‐site shipment.  For these 



reasons the AOC policy should be utilized in this instance to facilitate on‐site USC 



containment. 



 



B. Background 



FMC Corporation (FMC) has encountered Undocumented Subsurface Conditions (USCs) 



involving elemental phosphorus (P4)‐contaminated materials during the site‐wide grading 



work conducted in 2014 and 2015 as part of the FMC Operable Unit (OU) interim remedial 



action.  By volume almost all the USC materials have been encountered at the slag pile, 



Remediation Area (RA) F, and in particular at the former slag pile landfill designated RA‐F2 



that accounts for approximately 68% of the material.   
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The USC materials largely have consisted of furnace digout and rebuild waste contaminated 



with P4 from furnace operations.  The FMC OU Supplemental Remedial Investigation (SRI) 



Report (May 2009) documented historic disposal of this type of waste at RA‐F2.  Tables 1 



and 2 of the IRODA summarize the types of fill material within each RA.  Table 1 specifically 



lists “Furnace digout/rebuild” wastes as among the types of wastes known to exist at RA‐F2.  



The IRODA requires FMC to cover RA‐F2, along with other RAs that include non‐slag fill, with 



an evapotranspiration (ET) cap.  Figure 1 from the IRODA, included as Attachment 1 here, 



depicts the overall FMC OU and the delineated RAs where capping and other remedial 



action is required.     



 



Encountering USCs including P4‐contaminated material was anticipated at Section 4.3.4 of 



the Emergency Response Plan (ERP, July 2014) that FMC developed as a required 



deliverable under the June 2013 RD/RA Unilateral Administrative Order (UAO).  When USC 



materials have been encountered, FMC contractors have safely managed them in 



accordance with the ERP to minimize worker risks.   



The figure included here as Attachment 2 depicts the widespread locations where USC 



materials were identified.  Though by volume most of these materials originated at RA‐F, 



approximately 40 of the 217 USC events involved materials at other RAs that originated 



where they were found.  To ensure worker safety and minimize disruption to the site‐wide 



grading work the USC materials typically were relocated to other areas.  As of October 30, 



2015, the total volume of relocated USC material, not including sand that was added to the 



material to prevent P4 oxidation, is 860 CY; including sand the total quantity is 



approximately 1,275 CY.   



After consultation with and approval from the EPA Remedial Project Manager (RPM), 



initially the USC materials and sand (referred to from this point as simply USC materials) 



were taken to the former coke basins located within RA‐A.  When the limited capacity of 



the coke basins was reached, the EPA RPM approved taking the USC materials to a second 



location, consisting of a levelled and non‐engineered area at the former plant landfill 



designated as RA‐F2, located within RA‐F.  Both of these locations are shown on the 



annotated FMC OU Remediation Area map that is Attachment 3 here.      



Approximately 351 CY of USC materials were taken to the RA‐A coke basins.  Approximately 



509 CY of this material was taken to RA‐F2.  That volume is not expected to increase as the 



planned site‐wide grading phase and associated excavation and grading of site fill materials, 



including crushing and screening of slag, was completed on October 30, 2015.     
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C. CERCLA parameters for management and disposition of the USC materials relocated 



during the FMC OU interim remedial action  
 



The FMC OU interim remedial action has progressed from site‐wide grading to initiation of 



ET cap construction under EPA‐approved work plans and other RD/RA deliverables.  Gamma 



cap construction will commence at IRODA‐specified areas, including areas of slag fill, when 



the needed EPA approvals are in place and site conditions permit.  As cap construction 



commences, it becomes essential to define the long‐term management of the relocated 



USC materials.  EPA has suggested that the USC materials at both the RA‐A coke basins and 



RA‐F2 should be placed into containers and shipped to an appropriately permitted off‐site 



disposal facility.  The following analysis demonstrates that it is entirely consistent with 



CERCLA parameters to consolidate all the USC material at RA‐F2 and cover it with the ET cap 



that the IRODA specifies for that area.    



 



1. On‐site USC material management and disposition promotes IRODA objectives 



 



Consolidation of the USC materials at RA‐F2 and protection under an ET cap is not only 



consistent with but also strongly supported by the IRODA.  On‐site disposition aligns with 



basic tenets of the IRODA:  



 



a. Remediation of P4‐containing material on‐site rather than excavation and 
shipment off‐site 



 



The IRODA recognizes the safety and environmental risks inherent in excavating, 



containerizing and shipping P4‐contaminated material to an off‐site disposal facility.  



Primarily for this reason, it selected on‐site management of this material.  The IRODA states 



at Section 11.5 that “[s]ignificant human health risks arise for remedial workers, workers at 



nearby facilities, and any emergency responders from excavating, transporting, and treating 



large volumes of elemental phosphorus‐contaminated waste.”   



 



Although this finding was made in the context of evaluating the potential excavation and 



treatment of P4‐contaminated soils that in some FMC OU areas extend to significant 



depths, it is very much relevant to potential containerization and off‐site shipment of the 



USC material.  There would be significant worker risks in often manually placing the USC 



material into 55‐gallon drums, which would be the required shipment container under U.S. 



Department of Transportation regulations.  And the risks to emergency responders and 
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workers at the receiving disposal facility in handling this P4‐contaminated material would 



be similar to those the IRODA found unacceptable.  It is true that the USC material volume 



is far less than the volume of P4‐contaminated soil that the IRODA was addressing.  But the 



duration and degree of worker exposure involved in placing that material into 55‐gallon 



drums would be substantial.  Off‐site shipment of all the USC material that has been 



relocated to RA‐A and RA‐F2 has been estimated to involve 4‐6 weeks of preparation work, 



35‐37 weeks of field work, packaging the material into 4,289 to 4,595 drums, and 63 to 66 



truckloads to transport the drums across the country to the TSD facility in Ohio that is the 



closest facility that has preliminarily indicated that it could accept the material.  The same 



rationale the IRODA found compelling for managing P4‐contaminated material on‐site also 



applies to the USC materials.          



 



b. Minimizing risks to worker health and safety from handling even small quantities 
of P4‐contaminated material 
 



While worker risks from handling P4‐contaminated material was among the factors cited in 



the IRODA for selecting on‐site management of this material rather than off‐site disposal, 



worker protection was an important IRODA remedy selection factor in its own right.  As 



stated at Section 13.1.12 of the IRODA, “[t]he smoke and gases that were generated and 



the fires that at times resulted from FMC’s handling of these comparatively small quantities 



[of P4‐contaminated materials], and from FMC operations more generally, posed 



potentially significant risks to human health.”  The “significant risks” to workers from 



handling even nominal amounts of P4 material was an independent factor leading the 



IRODA to select a remedy that minimized worker exposure.  This same factor leads to 



selection of on‐site disposition of the P4‐containing USC material.  Selecting off‐site disposal 



would undermine IRODA objectives.      



 



2. The USC materials were encountered and relocated during performance of IRODA‐
required remedial action 
 



The USC materials that FMC relocated to the coke basins at RA‐A and the former plant 



landfill at RA‐F2 were encountered during the performance of site‐wide grading that was 



required under Section 10.2 of the IRODA, the RD/RA UAO, and the EPA‐approved Remedial 



Action Work Plan for Site‐Wide Grading Phase (September 2014).  A major element of the 



grading work was establishing the design subgrade elevations required for ET and gamma 



cap placement, including at RA‐F and associated RA‐F2 where most of the USC material has 



been encountered.  The removal and relocation of USC material was done entirely in the 
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context of the FMC OU remedial action implementation and within the immediate 



remediation area, not outside that, and thus CERCLA parameters including allowance for 



contaminant relocation within the work area apply.  This is in contrast to the situation 



evaluated by In the Matter of U.S. Department of Energy Hanford Nuclear Reservation, 



Respondent, Docket No. RCRA‐10‐99‐0106, 2000 WL 356388 (EPA ALJ, February 9, 2000).  In 



that decision the EPA administrative law judge determined that the CERCLA parameter at 



issue there, the CERCLA Section 121(e)(1) permit exemption, did not apply to relocation and 



storage of CERCLA well maintenance hazardous waste within the overall Hanford site but at 



an entirely separate portion of that site.  In contrast, the USC materials were relocated 



within the remediation area itself and not at some unconnected location.          



 



3. Relocation of materials within the FMC OU is an inherent part of the soil remedial 
action  
 



The soil remediation required under the IRODA includes construction of extensive ET and 



gamma caps and FMC OU‐wide grading to manage stormwater run‐off.  This work 



necessarily involves the movement of substantial amounts of material on‐site, including the 



slope contouring and relocation of materials specified in the Remedial Action Work Plan for 



Site‐Wide Grading Phase to establish the required subgrade for cap construction.  Thus not 



only was the USC material encountered and relocated in the course of the required 



remedial action, its relocation was consistent with the overall large‐scale movement of 



materials including hazardous substances and other contaminants within the FMC OU that 



is inherent in carrying out IRDOA and RD/RA UAO requirements.              



 



4. Application of CERCLA Area of Contamination parameters to the relocation of USC 
materials to the RA‐A former coke basins and RA‐F2 former slag pile landfill area 
and consolidation of these materials at RA‐F2  
 



a. Area of Contamination policy 
 



The USC materials that have been relocated to the former coke basins at RA‐A and the area 



of the former plant landfill at RA‐F2 were removed from where they were encountered 



because they were contaminated with sufficient concentrations of P4 to create worker risks 



from P4 oxidation and associated burning and smoking.  Though its position is that P4‐



contaminated waste does not exhibit any hazardous characteristic under EPA‐prescribed 



protocols, FMC has agreed to manage generated P4‐contaminated material that may burn 



or smoke as a hazardous waste.   
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EPA rulemaking associated with promulgation of the CERCLA National Contingency Plan 



(NCP) at 40 CFR Part 300 in 1990 and subsequent EPA guidance have created guidelines for 



managing RCRA hazardous wastes that are generated in the course of CERCLA remediation.  



A succinct statement of this policy is set forth in an EPA guidance memorandum entitled 



Management of Remediation Waste Under RCRA, dated October 14, 1998:    



 
Area of Contamination Policy.  In what is typically referred to as the area of 
contamination (AOC) policy, EPA interprets RCRA to allow certain discrete areas of 
generally dispersed contamination to be considered RCRA units (usually landfills).  
Because an AOC is equated to a RCRA land‐based unit, consolidation and in situ 
treatment of hazardous waste within the AOC do not create a new point of 
hazardous waste generation for purposes of RCRA.  This interpretation allows wastes 
to be consolidated or treated in situ within an AOC without triggering land disposal 
restrictions or minimum technology requirements.  The AOC interpretation may be 
applied to any hazardous remediation waste (including non‐media wastes) that is in 
or on the land. 



 
The CERCLA AOC policy was first articulated in the preambles to the 1988 proposed and 



1990 final NCP rulemaking, and these rulemaking‐associated statements provide the 



foundation for and most authoritative definition of the policy.  The preamble for the final 



NCP rulemaking in 1990 articulated the policy as follows:      



 
The preamble [for the 1988 proposed NCP rule] also discussed when a CERCLA 
action constitutes “land disposal,” defined as placement into a land disposal unit 
under section 3004(k) of RCRA, which triggers several significant requirements, 
including RCRA land disposal restrictions (LDRs) and closure requirements (when a 
unit is closed).  It equated an area of contamination (AOC), consisting of continuous 
contamination of varying amounts and types at a CERCLA site, to a single RCRA 
land disposal unit, and stated that movement within the unit does not constitute 
placement.  It also stated that placement occurs when waste is redeposited after 
treatment in a separate unit (e.g., incinerator or tank), or when waste is moved from 
one AOC to another. Placement does not occur when waste is consolidated within 
an AOC, when it is treated in situ, or when it is left in place. 



 
55 FR 8666, 8758 (March 8, 1990) (emphasis added). 
 



In contrast to hazardous waste management units at a RCRA facility, CERCLA sites 
often do not involve discrete waste management units, but rather involve land areas 
on or in which there can be widespread areas of generally dispersed contamination. 
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Thus, determining the boundaries of the RCRA land disposal “unit,” for which section 
3004(k) would require application of the LDRs at these sites, is not always self‐
evident. 
  
EPA generally equates the CERCLA area of contamination with a single RCRA land‐
based unit, usually a landfill. 54 FR 41444 (December 21, 1988). The reason for this 
is that the RCRA regulatory definition of “landfill” is generally defined to mean a land 
disposal unit which does not meet the definition of any other land disposal unit, and 
thus is a general “catchall” regulatory definition for land disposal units. As a result, a 
RCRA “landfill” could include a non‐discrete land area on or in which there is 
generally dispersed contamination. Thus, EPA believes that it is appropriate 
generally to consider CERCLA areas of contamination as a single RCRA land‐based 
unit, or “landfill.”  However, since the definition of “landfill” would not include 
discrete, widely separated areas of contamination, the RCRA “unit” would not 
always encompass an entire CERCLA site. 



 



55 FR 8666, 8760 (emphasis added).   
 



b. The FMC OU Remediation Areas designated in the IRODA do not establish 
CERCLA AOC boundaries 
 



During the SRI and Supplemental Feasibility Study (SRI/SFS) process, the FMC OU was 



divided first into “Remediation Units” and then “Remediation Areas” based on similarities in 



contiguous area characteristics that warranted evaluation of similar remedial approaches.  



The IRODA at Section 2.4 adopted this same division of the site because it facilitated the 



remedy selection analysis and allowed remediation requirements to be defined specifically 



for each RA.     



 



The RAs establish the boundaries for similar remedial action.  They generally do not reflect 



discrete boundaries of site contamination.   As shown on IRODA Figure 1, attached here, all 



the FMC OU RAs south of Highway 30—encompassing all the RAs where USCs have been 



encountered, including RA‐A and RA‐F2 where the USC materials have been relocated—are 



contiguous.  CERCLA remediation is required at all of those RAs.  Contaminants, associated 



risks, and remediation requirements differ, but contamination extends across the 



boundaries of all the RAs south of Highway 30.  The RA designations do not constitute 



CERCLA AOC boundaries.   
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c. EPA criteria support designating all the FMC OU RAs south of Highway 30 as a 
single CERCLA AOC 
 



As cited above from the preamble to the 1990 NCP final rule regarding delineation of 



CERCLA AOCs, “since the definition of ‘landfill’ would not include discrete, widely separated 



areas of contamination, the RCRA ‘unit’ would not always encompass an entire CERCLA 



site.”  Conversely, where contamination is contiguous and neither “discrete” nor “widely 



separated,” as is the case for the FMC OU RAs south of Highway 30, the affected area 



consists of a single RCRA “unit” and a single CERCLA AOC.  The 1990 NCP preamble text 



cited above expressly references the possibility that an entire CERCLA site can constitute a 



CERLCA AOC; by the same token it acknowledges that an AOC can encompass large 



subareas of a site.  These criteria support designating all the RAs south of Highway 30 as a 



single CERCLA AOC.     



 



The IRODA and the widespread site contamination that spans the RAs reinforce this 



conclusion.  As discussed above, IRODA Figure 1 depicts all the RAs south of Highway 30 as 



contiguous.  Further, IRODA Tables 1 and 2 describe all of these RAs as containing surface or 



subsurface fill material, further supporting their designation as a single AOC sharing the 



characteristics of a landfill.  Among the types of materials that are distributed widely among 



the RAs are the USC materials themselves.  As shown on the figure included as Attachment 



2, these materials originated not only in RA‐F but also RA‐G, RA‐H, RA‐C, RA‐B, RA‐E, and 



RA‐D.          
 



d. RA‐A and RA‐F2 where the USC materials have been relocated are in the 
same CERCLA AOC and those materials can be consolidated at RA‐F2  
 



The above factors demonstrate that all the FMC OU RAs south of Highway 30 comprise a 



single CERCLA AOC.  This conclusion is even stronger with respect to the two locations 



within this area to which the USC materials have been moved—the former coke basins at 



RA‐A and the former slag landfill at RA‐F2.  These two locations are connected through 



contiguous RAs, i.e., contiguous contaminated fill areas, all of which are subject to IRODA 



and RD/RA UAO remedial action requirements.  At the completion of the soil interim 



remedial action, RA‐F2 and RA‐A and the entire area between them will be covered with 



either an ET or gamma cap.  RA‐F2 and RA‐A thus are connected by continuous though 



varying types of contamination, and are neither “discrete” nor “widely separated.”   



 











 
Page 9 



 



A further factor connecting these RAs is that that both of them, and all the RAs between 



them, share not only geographic contiguity but also similar types of waste.  This includes 



slag, a remedial action‐driving material whose presence triggers an IRODA requirement for 



placement of a gamma cap as a minimum.    



 
Based on the CERCLA AOC criteria and site‐specific factors discussed above, RA‐A and RA‐F2 



are located in the same AOC.  RA‐F, which encompasses RA‐F2, also is located within this 



same AOC due to the contiguous contamination between them and the additional fact that 



all contain slag as a significant common contaminant.  The movement of USC materials 



between these areas thus does not constitute RCRA waste generation, and RCRA land 



disposal restrictions, minimum technological requirements and other RCRA disposal 



requirements do not apply.  Under CERCLA AOC parameters the USC materials relocated to 



RA‐F2 can remain there, and the USC materials currently located at RA‐A can be 



consolidated there, all to be covered with the similar materials already present at RA‐F2 



with an ET cap.       



 
e. The USC material receiving area at RA‐F2 is not a separate RCRA unit/CERCLA 



AOC from RA‐A, RA‐F and the remainder of RA‐F2 
 



As discussed above, RA‐A, RA‐F and its encompassed RA‐F2 subarea are in the same CERCLA 



AOC (as are all the other RAs south of Highway 30).  Nothing associated with excavating a 



level area at RA‐F2 for receiving relocated USC material changes that.  That receiving area 



remains, in RCRA terms, a landfill like the rest of the CERCLA AOC in which it is situated.  It is 



intended to function as a permanent repository for the USC material, to be covered with an 



ET cap, and thus it is not a RCRA waste pile intended for temporary staging of the material.  



Nor is it an impoundment, land treatment facility, injection well, or any other type of RCRA 



unit other than a landfill.  Thus the USC material receiving area at RA‐F2 is fully part of the 



CERCLA AOC that encompasses it.  There are no grounds from excluding it from the CERCLA 



AOC that as pertinent here includes at a minimum RA‐A, RA‐F and RA‐F2 itself.     



 
f. EPA Region 10 has categorized or accepted designation of wide areas, 



including entire sites, as CERCLA AOCs at other Superfund sites 
 
The following are examples of Superfund sites where EPA Region 10 has applied the CERCLA 



AOC policy broadly within the remedial action context.   
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 McCormick and Baxter Creosoting Company Superfund Site, Portland 
Oregon   



 
CERCLA remedial action at this site required excavation of soil and other media that, 



without establishment of a CERCLA AOC, would be considered generated for RCRA purposes 



when excavated and require management as a listed or characteristic hazardous waste.  



The March 1996 Record of Decision (ROD) included an extensive discussion of the CERCLA 



AOC policy and the difficulties of proceeding with remediation without the flexibility that 



policy would provide.  Based on those considerations, the ROD stated at page 53 that 



“[b]ecause the entire McCormick & Baxter site is contaminated to varying degrees, DEQ 



[the Oregon Department of Environmental Quality] and EPA have designated the entire site 



an AOC.”   



 



 Taylor Lumber and Treating Superfund Site, Sheridan, Oregon 
 



This site involved primarily pentachlorophenol contamination of the facility soils and 



groundwater.  The September 2005 ROD required groundwater extraction and treatment 



and soil excavation, consolidation and capping.  Both the extracted groundwater and 



excavated soils were expected to constitute listed or characteristic hazardous waste.  The 



ROD allowed on‐site management of these materials under CERCLA AOC principles, 



avoiding the applicability of RCRA Land Disposal Restrictions or other RCRA requirements to 



these wastes:  “Because the West Facility [which comprised the entire Superfund site] 



meets the requirements to be an Area of Contamination (AOC), LDRs are not applicable if 



wastes are consolidated within the AOC, capped in place, or processed within the AOC (but 



not in a separate unit, such as a tank) to improve its structural stability.”     



 



 Bunker Hill Mining and Metallurgical Complex Operable Unit 3, Coeur 
d’Alene River basin, Idaho  



 
The 2002 EPA ROD for this OU specified that contaminated soils would be removed from 



residential and some non‐residential areas to protect Silver Valley residents from exposure 



to metals, and stated that the removed soil would be stored in secure repositories.  One of 



those repositories was the East Mission Flats (EMF) Repository.  As stated in the East 



Mission Flats 90% Remedial Design Report, EPA accepted delineation of a broad CERCLA 



AOC that encompassed the repository location and areas beyond that:   
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The EMF Repository is located in an area that has existing contamination from 
deposition of mining waste; therefore, it is considered to be within the Area of 
Contamination (AOC).  The AOC includes source areas of mine and mill sites in the 
upper South Fork of the Coeur d’Alene River valley, and depositional areas such as 
the 100‐year floodplain in the lower river valley, west of Cataldo, Idaho.  Siting 
repositories in the AOC is an implementation policy of the United States 
Environmental Protection Agency (USEPA) and Idaho Department of Environmental 
Quality (IDEQ).  The location of EMF is consistent with this policy.   



 



 Red Devil Mine Site CERCLA removal action, Red Devil, Alaska 
 



Under its authorized CERCLA authorities, the Department of the Interior Bureau of Land 



Management supervised contaminated soil removal and stockpiling at this site.  The Red 



Devil Mine 2005/2006 Contaminated Soil Stockpiling and Debris Removal Report (June 



2007) states the following at page 3: 



 
Under EPA oversight, the BLM has implemented an Area of Contamination (AOC) 
policy at the Red Devil Mine site.  The AOC grants BLM flexibility in managing mine 
wastes without prompting EPA land disposal restrictions.  The AOC encompasses the 
portion of the mine to the east of Red Devil Creek and includes the former retort 
building. 



 



 Northwest Pipe and Casing Company/ Hall Process Company Soil 
Operable Unit (OU 1), Clackamas County, Oregon 



 
The June 2000 EPA ROD for this OU addressed remediation of contaminated soil and debris 



at the site.  Pipe coating operations at the facility used coal tar, polyethylene epoxy and 



other coating materials that resulted in soil and groundwater contamination at the 53‐acre 



facility.  Most of the pipe coating operation took place at a 32‐acre portion of the facility 



known as Parcel B, where various pipe manufacturing and coating operations took place.  



EPA designated that entire, heterogeneous Parcel as a CERCLA AOC:   



 
This ROD establishes an Area of Contamination (AOC) for VOC‐contaminated soil, 
which encompasses Parcel B.  Pursuant to EPA policy, because an AOC is equated to 
a RCRA land‐based unit, consolidation and in‐situ treatment of hazardous waste 
within the AOC do not create a new point of hazardous waste generation for 
purposes of RCRA.  Therefore, soil within the AOC may be consolidated or treated in‐
situ without triggering RCRA land disposal restrictions (LDRs) or minimum technology 
requirements.   
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5. Needed EPA documentation regarding selected approach for USC material 
disposition  



 
Section XXVI of the June 2013 RD/RA UAO and the EPA On‐Scene Coordinator authorities 



specified at 40 CFR §300.120 provide EPA with the authority to approve and require 



consolidating at RA‐F2 the USC material relocated there and at RA‐A, to be covered under 



the ET cap that the IRODA specifies for RA‐F2.  Because this would be consistent with the 



on‐site soil consolidation and remediation that the IRODA selected, this would be a 



“nonsignificant” change to the IRODA under the applicable NCP criteria specified at 55 FR 



8666, 8772 (March 8, 1990) and could be documented in a directive issued to FMC.   



 



In contrast, directing that part of all of the relocated USC material must be placed into 



containers and shipped to an off‐site treatment and disposal facility would vary significantly 



from the on‐site remediation approach selected by the IRODA.  Such an EPA decision likely 



would require preparation of an Explanation of Significant Differences document (ESD), 



under the guidelines specified in EPA’s Guide to Preparing Superfund Proposed Plans, 



Records of Decision, and other Remedy Selection Decision Documents (OSWER 9200.1 23P, 



July 1999).   



 
D. Conclusion 
 
Consolidating at RA‐F2 the USC material taken to RA‐A and RA‐F2 and addressing that in the 



on‐site CERCLA remediation can and should be the course of action here, for the following 



reasons: 



 It promotes the IRODA objective of managing P4‐contaminated material on‐



site within the FMC OU 



 It promotes the IRODA objective of protecting the health and safety of 



remediation workers, first responders, workers at potential treatment and 



disposal facilities, and the general public along transportation routes if the 



materials were shipped off‐site 



 It is consistent with the CERCLA AOC policy, as articulated in the NCP 



rulemaking and EPA guidance and as applied in practice by EPA Region 10 at 



other CERCLA sites.        
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U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Lizanne Davis [mailto:Lizanne.Davis@fmc.com] 
Sent: Friday, December 18, 2015 3:39 PM
To: Sheldrake, Beth <sheldrake.beth@epa.gov>; Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: FW: FMC SITE REDEVELOPMENT AND USCs
 


Attached/Below is email correspondence from Barry Crawford to Dennis
 McLerran.
 
Lizanne H. Davis
Director, Government Affairs
FMC Corporation
1050 K Street, NW
Suite 600
Washington, DC  20001
 
202.956.5211 (Office), 202.412.1055 (Cell)
202.956.5235 (Fax)
 
lizanne.davis@fmc.com
 
 


From: Barry Crawford 
Sent: Tuesday, December 15, 2015 4:44 PM
To: mclerran.dennis@epa.gov
Subject: FMC SITE REDEVELOPMENT AND USCs
 
Dear Dennis,
 
During our recent calls, we have discussed redevelopment and “Undocumented Subsurface
 Conditions” (USC) materials at the FMC Pocatello site.  This message provides an update on both
 issues.
 
On the subject of redevelopment, I am excited to report that FMC has signed a lease with Valley
 Agronomics for redevelopment of a portion of the Pocatello site.    We expect to make the formal
 public announcement tomorrow.
 
The Valley Agronomics project reflects a capital investment of $12 million and at full scale will
 employ 60-70 people.  The initial phase of the redevelopment will encompass approximately 15
 acres on the former plant site.  A second phase of development will encompass an additional 12
 acres across Highway 30 from the former plant site, where warehousing and retail operations will
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 be located.  Both parcels are outside of the Fort Hall Reservation.
 
Valley Agronomics is a partnership between Valley Wide Cooperative and WinField Solutions, LLC,
 which is a Land O’Lakes company.  Valley Wide Cooperative is an Idaho-based co-op with multiple
 farm service locations throughout Idaho, Oregon, and Wyoming.
 
When in operation, the facility will provide specialized fertilizer blends to Snake River Plain farmers
 and ranchers.  Given the agricultural economy of Southeast Idaho and the Fort Hall Reservation in
 particular (20% of the land base is dedicated to farming), the project will provide significant benefits
 to the community.   I am hopeful that this redevelopment will also set the standard for additional
 redevelopment opportunities at the site, especially the land within the Reservation.
 
My staff met with your staff last week to discuss how to move this redevelopment project forward. 
 Representatives of Valley Agronomics, IDEQ and the Shoshone Bannock Tribes also participated in
 that meeting.  I appreciate your staff’s continuing efforts to support this project.  There remains a
 great deal of work to be done to ensure that construction can begin in mid-February, 2016, in order
 to meet market demand in the Fall of 2016.   There is also a great deal of work to be done to
 coordinate that construction with construction of FMC’s remedial action.  You have my commitment
 that we will work diligently on both fronts.
 
On the subject of USCs, you may recall that USC materials contain embedded elemental
 phosphorus.  We have encountered them during site-wide grading and relocated them within the
 remediation area as necessary to protect workers and allow the grading work to proceed. 
 
I’m attaching a copy of a risk evaluation report by our consultant, Gradient.  The report details the
 occupational, transportation and practical risks associated with drumming the USC materials and
 transporting them to an Ohio facility for incineration rather than including them within the remedial
 action and covering them onsite.  The second document I’m attaching here is a legal analysis
 drafted by our outside counsel.  This analysis shows that the on-site management of these materials
 is consistent with EPA’s CERCLA “Area of Contamination” policy and with Region 10 decisions
 applying this policy at other sites.  Both of these documents provide compelling information and
 demonstrate that on-site disposition is the safest and most environmentally protective method for
 managing the USC materials at the Pocatello site.
 
After you and your staff have had the opportunity to review these documents, I would like to visit
 with you to find a path to resolution of this issue. 
 
Regards,
 
Barry Crawford


 








From: Williams, Jonathan
To: Scott.Miller@deq.idaho.gov
Cc: Boyd, Andrew; McDonnell, Kimberlee
Subject: FW: FMC site redevelopment plans
Date: Wednesday, February 10, 2016 1:54:45 PM
Attachments: FMC Third Party Beneficiary Agreement 21016.pdf


Attached is the third party beneficiary agreement I mentioned over the telephone earlier today. 
 Please ask your legal counsel to contact Andy Boyd directly with any questions.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Boyd, Andrew 
Sent: Wednesday, February 10, 2016 11:55 AM
To: Jill Grant <jgrant@jillgrantlaw.com>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>; Williams, Jonathan <Williams.Jonathan@epa.gov>;
 Kelly Wright (kwright@sbtribes.com) <kwright@sbtribes.com>; susanh@ida.net; Bill Bacon
 (bbacon@sbtribes.com) <bbacon@sbtribes.com>; Gussie Lord <glord@jillgrantlaw.com>
Subject: RE: FMC site redevelopment plans
 
Jill
 
Appreciate the comments.  We’ve been able to incorporate most of your suggested changes. The
 water treatment facility is now specifically mentioned as is EPA’s role as trustee for the
 Tribes.  See attached.  Revisions are identified.  We are not able to identify the location of the water
 treatment facility in the document as the location has not yet been selected and it is possible that it
 could even be located outside RA-G.  We also did not include suggested revisions indicating that the
 leased premises are located within the Shoshone-Bannock Tribes’ reservation.  The planned
 buildings and operations are located on leased property outside the Reservation.   The document
 has also been revised to reflect that the lease has been signed.  While the lease has been signed,
 construction has not begun.  There are issues remaining with the remedial design, including for the
 leased area.   We provided comments to FMC on the latest remedial design and remedial work plan
 with the Tribes’ input and assistance and are expecting a response in the next couple of weeks.
 
I’m afraid we do not have copies of the lease and easement agreements, and would be unable to
 share them if we did as FMC claims that the documents are confidential business information (CBI). 
 Absent a formal determination that the documents are not CBI, EPA would have to maintain them
 as confidential documents in accordance with CBI procedures.   The transfer agreement ensures
 that there are enforceable requirements in place to provide access and to restrict land use as
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AGREEMENT 
 
 
 



THIS AGREEMENT (“Agreement”) is made by and between FMC 



CORPORATION, a Delaware corporation (“FMC”), and Valley Agronomics, LLC, a 



Delaware limited liability company (“Tenant”) (together, the “Parties”). 
 
 



RECITALS 
 



A. FMC is the parent company of FMC Idaho LLC, which is the fee simple 
owner of certain property in Pocatello, Idaho known as the FMC Operable Unit (“OU”) of the 
Eastern Michaud Flats Superfund Site.  The FMC OU is largely within the exterior boundary of 
the Fort Hall Indian Reservation of the Shoshone-Bannock Tribes (the “Tribes”). 



 
B. The FMC OU is subject to a Unilateral Administrative Order for Remedial 



Design and Remedial Action having an effective date of June 20, 2013 that the U.S. 
Environmental Protection Agency (“EPA”) issued to FMC, EPA Docket No. CERCLA-10- 
2013-0116 (the “UAO”).  The UAO directs FMC to perform the OU remedial action selected in 
the September 27, 2012 Interim Record of Decision Amendment (“IRODA”) for the FMC OU. 
The UAO and deliverables that FMC has provided to EPA under the UAO, including the FMC 
OU Remedial Design Work Plan dated December 2013 (the “Work Plan”), require FMC to 
perform remedial action at the FMC OU that in general consists of placing caps on contaminated 
soil areas and extracting and treating contaminated groundwater and placing the treated 
groundwater into infiltration or injection units to return the groundwater to the underlying 
aquifer.  The required remedial action includes work within the areas subject to a prospective 
lease and easement from FMC to Tenant, encompassing portions of what the IRODA and Work 
Plan identify as Remediation Areas RA-G and RA-J (the “Lease Area”).  The required remedial 
action work at RA-G includes, but is not limited to, grading for control and management of 
storm water runoff, installing a retention basin to hold storm water runoff, installing an 
extraction well field, and associated monitoring wells, potentially an injection system, and 
installing a cap to shield gamma radiation (“gamma cap”) (the “RA-G Remedial Actions”).  In 
addition, a water treatment facility and necessary infrastructure may be located within RA-G.   
The required remedial action work at RA-J includes, but is not limited to, grading for control and 
management of stormwater runoff and removal of the upper six inches of soil (the “RA-J 
Remedial Actions”). 



 
C. Tenant intends tois lessee lease from FMCof certain air rights above portions of RA- G 
and RA-J (the “Leased Premises”), obtained an easement for property beneath and adjacent to 
the Leased Premises, and may possibly obtain easements for access to other areas of the FMC 
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OU as needed to support its development and use of the Leased Premises.  Tenant intends to use 
the Leased Premises to construct and operate a fertilizer, seed, and crop-protection formulation 
and distribution business, including retail sales.  FMC and Tenant expect tohave entered into an 
Air Rights Lease Agreement (“Air Lease”) and Easement Agreement (“Easement”) under 
which Tenant will conduct operations at the Leased Premises.  A Memo of Lease and the 
Easement Agreement will be recorded in the real property records of Power County, Idaho, the 
county in which the Lease Area is located. 



 
D. The UAO and the Comprehensive Environmental Response, 



Compensation and Liability Act, 42 U.S.C. §9601 et seq., under which the UAO was issued, 
provide EPA with authority to enforce the UAO and seek specific performance of its 
requirements.  By executing this Agreement, the Parties make EPA an intended beneficiary of 
this Agreement with authority to enforce its this Agreement’s terms and conditions. 



 
 



NOW, THEREFORE, WITNESSETH in consideration of the mutual promises and 



covenants contained herein, and other good and valuable consideration, the receipt and 



sufficiency of which are hereby acknowledged, FMC and Tenant hereby agree that the above 



Recitals are incorporated into this Agreement and agree as follows: 



 
 



AGREEMENT 
 



 
 
1.   Definitions.  Defined terms shall have the meaning set forth in this Agreement.  Any defined 



terms used but not defined in this Agreement shall have the meaning set forth in the UAO. 
 
2.   Acknowledgement of Third-Party Beneficiary Status.  The Parties acknowledge and 



declare that it is their express intent that the covenants and obligations contained herein in 
this Agreement are not only for their benefit, but also for the benefit of EPA (including 
EPA in its role as trustee for the Tribes) as an intended third-party beneficiary.  The Parties 
agree that while EPA is not acquiring an interest in real property, EPA may enforce this 
Agreement and the obligations contained herein in any manner permitted in law or equity, 
including through specific performance. 



 
3.   No Other Third-Party Beneficiaries.  The provisions of this Agreement are solely for the 



benefit of FMC, Tenant, and EPA (including EPA in its role as trustee for the Tribes).  
Except for EPA as expressly provided herein, no other person, corporation, association, 
organization, governmental agency or entity, or any other form of entity or arrangement is 
a third-party beneficiary of this Agreement and no other entities have any authority to 
enforce or claim any benefit under this Agreement. 



 
4.   No Unacceptable Risk to Human Health or to the Environment.  As set forth in UAO 



Paragraph 46.b, Tenant agrees that it shall not use the Leased Premises or any other portion 
of the FMC OU in any manner that EPA determines will pose an unacceptable risk to 
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human health or to the environment due to exposure to Waste Material or interfere with or 
adversely affect the implementation, integrity, or protectiveness of the remedial action work 
required under the UAO, including but not limited to the water treatment facility and 
necessary infrastructure that may be located within RA-G. 



 
5.   Access and Institutional Controls.  Section XIII of the UAO, entitled “Access and 



Institutional Controls,” requires FMC to provide access to the FMC OU to EPA and, when 
accompanied by EPA, representatives of the State of Idaho and the Tribes for the purposes 
enumerated in that Section.  After the Parties execute the Air Lease and Easement, Tenant 
agrees that consistent with UAO Section XIII it shall provide EPA, including its authorized 
representatives, and representatives of the State of Idaho and the Tribes when accompanied 
by EPA, with access to the Leased Premises (and any other areas of the FMC OU for which 
FMC may grant Tenant an easement, lease or other property right) to conduct any activity 
regarding the UAO, including but not limited to the following activities: 



 
 
 



(1) Monitoring the FMC OU remedial action Work as that term is defined 
at UAO Paragraph 6.gg; 



(2) Verifying any data or information submitted to EPA; 
(3) Conducting investigations regarding contamination at or near the FMC 



OU; 
(4) Obtaining samples; 
(5) Assessing the need for, planning, or implementing additional response 



actions at or near the FMC OU; 
(6) Assessing implementation of quality assurance and quality control 



practices; 
(7) Implementing the Work pursuant to the conditions set forth in UAO 



Section XXIII (Enforcement / Work Takeover); 
(8) Inspecting and copying records, operating logs, contracts, or other 



documents maintained or generated by FMC or its agents, consistent 
with UAO Section XIV (Access to Information); 



(9) Assessing FMC’s compliance with the Order; 
(10) Determining whether the FMC OU or other real property is being used 



in a manner that is prohibited or restricted, or that may need to be 
prohibited or restricted under the UAO; and 



(11)     Implementing, monitoring, maintaining, reporting on, and enforcing 
any Institutional Controls and the requirements of the ICIAP as that 
term is defined at UAO Paragraph 6.i. 



 
 
 
6.   Institutional Controls and Proprietary Controls.  The UAO requires FMC to record 



Proprietary Controls on the real property, pursuant to UAO Paragraph 46.c.  FMC remains 
responsible for developing and recording such Proprietary Controls.  Tenant acknowledges 
that its use of the FMC OU, including the Leased Premises, is subordinate to the Institutional 
Controls and Proprietary Controls currently in effect and that may be required or recorded 
pursuant to UAO requirements subsequent to the Effective Date of this Agreement. 
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7.   EPA Approval of this Agreement.  The Parties acknowledge that EPA must review and 
approve this Agreement in writing prior to execution of the proposed Air Lease and 
Easement. 



 
8.   No Waiver.  No failure by FMC or EPA to insist upon the performance of any term, 



covenant or condition of this Agreement or to exercise any right or remedy consequent upon 
a default hereunder will constitute a waiver of any such default or of such term, covenant or 
condition.  No waiver of any default will affect or alter this Agreement, but each and every 
term, covenant and condition of this Agreement will continue in full force and effect with 
respect to any other then-existing or subsequent default hereunder. 



 
9.   Applicable Law.  This Agreement is made pursuant to, and will be construed and enforced in 



accordance with, the laws in force in the State of Idaho.  All provisions of this Agreement will 
be construed as “conditions” and “covenants” as though language specifically expressing or 
imposing covenants and conditions were used in each separate provision of this 
Agreement. 



 
10. Effective Date.  The Effective Date of this Agreement is the date both Parties have signed 



this Agreement as indicated below. 
 
 



IN WITNESS WHEREOF, FMC and Tenant have caused this Agreement to be executed 



as of the Effective Date. 



 



 
FMC CORPORATION 
a Delaware corporation 



 
 
 



By:   
Name: 
Title: 
Date: 



 
VALLEY AGRONOMICS, LLC 



 
 
 



a Delaware limited liability company 
 
 
 



By:   
Name: 
Title: 
Date:
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 required by the UAO until such time as enforceable proprietary controls are recorded. 
 
You had also asked about the status of the Institutional Controls Implementation and Assurance Plan
 (ICIAP).  EPA is developing comments on the draft ICIAP submitted by FMC.  Under the UAO, the
 proprietary controls are to be established in accordance with an approved ICIAP.  EPA plans to
 provide those comments to the Tribes for review in the next few weeks.  In the meantime it is
 important to get the transfer agreement in place to restrict land use until such time as the
 proprietary controls can be established in accordance with an approved ICIAP.  I will be sure to
 provide you with a copy of the signed transfer agreement. 
 
Let me know if you have any questions or concerns and again thanks for the input.  
 
Andy
 
Andrew Boyd
U.S. EPA, Region 10
Tel: (206) 553-1222
boyd.andrew@epa.gov
SENSITIVE COMMUNICATION INTENDED ONLY
FOR USE OF RECEPIENTS NAMED ABOVE
 
 


From: Jill Grant [mailto:jgrant@jillgrantlaw.com] 
Sent: Monday, January 18, 2016 7:03 AM
To: Boyd, Andrew <Boyd.Andrew@epa.gov>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>; Williams, Jonathan <Williams.Jonathan@epa.gov>;
 Kelly Wright (kwright@sbtribes.com) <kwright@sbtribes.com>; susanh@ida.net; Bill Bacon
 (bbacon@sbtribes.com) <bbacon@sbtribes.com>; Gussie Lord <glord@jillgrantlaw.com>
Subject: RE: FMC site redevelopment plans
 
Andy,
 
My comments are indicated in red-line on the attached draft.
 
I agree that the draft includes the provisions of UAO paragraph 43 but I think there are a few
 other issues that need to be identified.  First, I think the water treatment facility should be
 specifically mentioned because it may result in additional restrictions/obligations being
 placed on FMC and Valley Agronomics.  I also think that EPA’s role as trustee for the Tribes
 should be referenced, even though I accept the fact that EPA is the only third-party
 beneficiary of the agreement.
 
Thanks,
 
Jill
 
Jill Grant & Associates, LLC
1319 F Street NW
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Suite 300
Washington, DC 20004
Tel: 202-821-1950
Fax: 202-459-9558
jgrant@jillgrantlaw.com
www.jillgrantlaw.com
 
 
 
From: Boyd, Andrew [mailto:Boyd.Andrew@epa.gov] 
Sent: Wednesday, January 13, 2016 12:32 PM
To: Jill Grant
Cc: Sheldrake, Beth; Williams, Jonathan
Subject: RE: FMC site redevelopment plans
 
Jill
 
We’re planning to approve the transfer agreement next week that I sent you last month.  As I
 indicated in my message to you last month (attached below), the agreement does appear to satisfy
 the UAO requirements, including the requirement to allow access and restrict land use. 
 
Until such time as we can establish and record the proprietary controls required by the UAO, we
 want to be sure we have an agreement in place from the transferee enforceable by FMC and the
 U.S. to Institutional Controls Implementation and Assurance Plan (ICIAP) to record proprietary
 controls and to subordinate its rights to the proprietary controls agreement. 
 
Let me know if you have any questions or concerns.
 
Andy
 
Andrew Boyd
U.S. EPA, Region 10
Tel: (206) 553-1222
boyd.andrew@epa.gov
SENSITIVE COMMUNICATION INTENDED ONLY
FOR USE OF RECEPIENTS NAMED ABOVE
 
 
 


From: Boyd, Andrew 
Sent: Thursday, December 17, 2015 5:16 PM
To: 'Jill Grant' <jgrant@jillgrantlaw.com>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>; Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: RE: FMC site redevelopment plans
 
Jill
Attached is the agreement FMC has prepared pursuant to paragraph 43 of the FMC UAO for
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 Remedial Design and Remedial Action that I mentioned when we spoke.  Paragraph 43 of the UAO
 provides that FMC OU property can only be transferred if: (1) proprietary controls required by UAO
 Par. 46(c) have been recorded;  or (2) FMC has obtained an agreement from the transferee
 enforceable by FMC and the U.S. to allow access and to restrict land use, to record proprietary
 controls and to subordinate its rights to the proprietary controls. 
 
Because proprietary controls required by UAO par. 46(c) are not expected to be established and
 recorded in advance of the planned lease of the property to be redeveloped, FMC has prepared the
 attached agreement and submitted it for EPA approval.  It does appear to satisfy the Par. 43
 requirements, including the requirement to allow access and restrict land use. 
 
We  recognize that the Tribes have concerns with the redevelopment that will need to be considered
 and addressed, and we wanted to be sure to provide the Tribes with an opportunity to review the
 agreement along with the remedial design/remedial action proposals for the redevelopment area. 
 Please don’t hesitate to call if you have questions. 
 
Andy
 
Andrew Boyd
U.S. EPA, Region 10
Tel: (206) 553-1222
boyd.andrew@epa.gov
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From: Williams, Jonathan
To: Sheldrake, Beth
Cc: McDonnell, Kimberlee
Subject: FW: Pre-con meeting
Date: Friday, February 12, 2016 12:19:52 PM


Here's the response to my voicemail yesterday morning.


Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101


Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov


-----Original Message-----
From: Marguerite Carpenter [mailto:MARGUERITE.CARPENTER@fmc.com]
Sent: Friday, February 12, 2016 10:19 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: Pre-con meeting


Jonathan
Got your message about the pre-con meeting. We would like to have it on the 3rd of March.
Marjo


Marguerite Carpenter
FMC Corporation
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From: Sheldrake, Beth
To: McDonnell, Kimberlee
Subject: FW: Proposed Soil Remedy RD/RA Calls with FMC
Date: Friday, February 19, 2016 2:07:16 PM


 
 
 
________________________________________________________
Beth Sheldrake | Unit Manager
U.S. Environmental Protection Agency | Region 10
Office of Environmental Cleanup
Superfund Site Cleanup Unit #1
p: 206.553.0220 | c: 206.890-1827 | sheldrake.beth@epa.gov
 
 


From: Williams, Jonathan 
Sent: Friday, February 19, 2016 1:13 PM
To: Kelly Wright <kwright@sbtribes.com>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
 
I trust that our telephone conversation earlier today, where I summarized more of the
 teleconference FMC initiated with EPA yesterday, was helpful.  Feel free to call me if you have
 further questions.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-111
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Kelly Wright [mailto:kwright@sbtribes.com] 
Sent: Friday, February 19, 2016 11:38 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>; Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
 
Jonathan, I am requesting that when EPA has calls with FMC that we be included in these
 conversations.  Granted it appears that they are requesting a couple of calls to follow up but these
 activities are being done within the Reservation and we believe that for a transparency purpose that
 we be allowed to listen to all of these conversations. 
 
Please provide more details to what was covered.  Lizanne Davis generally does not get involved with
 the regular activities so what did she bring to the table, figuratively speaking.
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Thanks
Kelly
 
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Friday, February 19, 2016 12:18 PM
To: Marguerite Carpenter <MARGUERITE.CARPENTER@fmc.com>
Cc: Kelly Wright <kwright@sbtribes.com>; Scott.Miller@deq.idaho.gov; Susan Hanson
 <susanh@ida.net>; Wayne.Crowther@deq.idaho.gov; Douglas.Tanner@deq.idaho.gov;
 Benchouk_Michele@bah.com; rtpoeton@msn.com; McDonnell, Kimberlee
 <McDonnell.Kimberlee@epa.gov>
Subject: Proposed Soil Remedy RD/RA Calls with FMC
 
Marjo:
 
Thanks for the telephone conversation with me, Beth Sheldrake, Liz Davis, and Rachel Greengas
 yesterday afternoon.  As part of that conversation, we discussed setting up two conference calls
 with EPA, the Tribes, IDEQ, and FMC.  The purpose of the two conference calls is to hear FMC’s
 thoughts on revising the soil remedy RD/RA deliverables in response to EPA comments of February
 6, 2016, and to provide feedback needed to help FMC meet EPA expectations.
 
FMC proposed a teleconference next Tuesday (February 23) afternoon to discuss Remedial Action
 construction topics (e.g. schedule and sequencing, PSVP implementation within RA-G, site security,
 health and safety, etc.),  the PSVPP, and the OMMP.  In checking with Tribal and IDEQ counterparts,
 that date/time looks workable other than 1-2 pm Mountain Time.
 
We also discussed having a teleconference sometime today to discuss gas monitoring comments.  As
 I mentioned in a voicemail message to you earlier today, that’s not workable for all who should
 participate.  Instead, I suggest we add that agenda item to next Tuesday.  Also, if it would be helpful,
 a few of us could have an introductory discussion within the next few hours about gas monitoring to
 frame the subsequent discussion.  That introductory discussion, if you think beneficial, would need
 to occur before 3 pm Mountain Time today.
 
Please let us know your thoughts shortly.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: Benchouk, Michele [USA] (Benchouk_Michele@bah.com)
Cc: McDonnell, Kimberlee
Subject: FW: RE: daily summary 02/17/16--Rejected E-mail
Date: Thursday, February 18, 2016 11:49:00 AM


FYI
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Microsoft Outlook 
Sent: Thursday, February 18, 2016 11:42 AM
To: Williams, Jonathan
Subject: Undeliverable: RE: daily summary 02/17/16
 


mclniron02-ext.bah.com rejected your message to the following email addresses:


hodge-frances@bah.com (hodge-frances@bah.com)
Your message couldn't be delivered because the recipient's email system reported the following error: '550 #5.1.0 Address rejected.'. It's possible it's a temporary issue with their email system. Try to resend the message. If the problem continues, contact the recipient by some other means (by phone for
 example) and ask them to tell their email admin about the problem. Be sure to give them the error above, as it will better help them diagnose the problem.


For Email Administrators
This error is being returned by the recipient's email system but it doesn't include a valid, specific, enhanced SMTP status code, making it difficult to assess exactly what the problem is. Please carefully examine the error reported by the recipient's email system to help diagnose and troubleshoot the problem.
 Only the recipient's email admin will be able to fix this.


mclniron02-ext.bah.com gave this error:
#5.1.0 Address rejected.


Diagnostic information for administrators:


Generating server: BY2PR09MB0294.namprd09.prod.outlook.com


hodge-frances@bah.com
mclniron02-ext.bah.com
Remote Server returned '550 #5.1.0 Address rejected.'


Original message headers:


DKIM-Signature: v=1; a=rsa-sha256; c=relaxed/relaxed; d=usepa.onmicrosoft.com;
 s=selector1-epa-gov;
 h=From:To:Date:Subject:Message-ID:Content-Type:MIME-Version;
 bh=KDPAM+W0SC4TlFm0EuVow+5wlAqQeRAUnL1ASqg1wfQ=;
 b=VCmBEacrLgcD2ZtbF+Fxknpf6j0ePiKY+oPHqJ19nM2rpPqDyD63bqBATW0kuzUHYmIMGjiR1GtIRSj5I0/28Ow3DTeXVsR85oWVGJL5d1aTTA972CN7NyI+pNZUbVnKjY9NiA2O9vQYEbj/ZkVS7iS1mbg2UU1imzBhUrkuQvA=
Received: from BY2PR09MB0705.namprd09.prod.outlook.com (10.162.82.12) by
 BY2PR09MB0294.namprd09.prod.outlook.com (10.160.65.25) with Microsoft SMTP
 Server (TLS) id 15.1.409.15; Thu, 18 Feb 2016 19:41:31 +0000
Received: from BY2PR09MB0705.namprd09.prod.outlook.com ([10.162.82.12]) by
 BY2PR09MB0705.namprd09.prod.outlook.com ([10.162.82.12]) with mapi id
 15.01.0409.017; Thu, 18 Feb 2016 19:41:31 +0000
From: "Williams, Jonathan" <Williams.Jonathan@epa.gov>
To: Cliff Merrill <Cliff.Merrill@akana.us>, "Benchouk, Michele [USA]
 (Benchouk_Michele@bah.com)" <Benchouk_Michele@bah.com>,
        "hodge-frances@bah.com" <hodge-frances@bah.com>
CC: Bill Renfroe <bill.renfroe@akana.us>, Tim Norman <Tim.Norman@akana.us>,
        "kwright@sbtribes.com" <kwright@sbtribes.com>, "susanh@ida.net"
        <susanh@ida.net>, "McDonnell, Kimberlee" <McDonnell.Kimberlee@epa.gov>
Subject: RE: daily summary 02/17/16
Thread-Topic: daily summary 02/17/16
Thread-Index: AdFp5mcgVG7tt7y3S1usp0PC4dAjOQAloc0g
Date: Thu, 18 Feb 2016 19:41:30 +0000
Message-ID: <BY2PR09MB07050EC5D5AAB839CA49DC86E1AF0@BY2PR09MB0705.namprd09.prod.outlook.com>
References: <EC2A71D60E9DEC43A5C5AF23624848BA0B5EC75A9C@server2010>
In-Reply-To: <EC2A71D60E9DEC43A5C5AF23624848BA0B5EC75A9C@server2010>
Accept-Language: en-US
Content-Language: en-US
X-MS-Has-Attach:
X-MS-TNEF-Correlator:
authentication-results: akana.us; dkim=none (message not signed)
 header.d=none;akana.us; dmarc=none action=none header.from=epa.gov;
x-originating-ip: [2620:117:5021:73::d025]
x-microsoft-exchange-diagnostics: 
1;BY2PR09MB0294;5:JSr3rBMOxx8MkvXWAy8s/2HnEtADTEntDlqqf3b+vx8snkqUF12PGIlp5UEMDDnz3aXr3+io18zWxgmKJxjgzMOjSw9Sv0MNAo2aYzrx3EMLtvPXtT/9u8lDtwF7VE+ec/qiPSyllVDBrTOT1m6Onw==;24:fxVySaCKU/1MiD5mLbotbPvmHdXsCl5QhaaT3VJftXA3U+rWO6kFXr9RZHxGzaWls4gAQWq2yt0ZvSV6PAcyfPtRxIerHbACtvOQSgRz5oQ=
x-microsoft-antispam: UriScan:;BCL:0;PCL:0;RULEID:;SRVR:BY2PR09MB0294;
x-ms-office365-filtering-correlation-id: 005456d4-2747-4e69-2b7c-08d3389b8021
x-ld-processed: 88b378b3-6748-4867-acf9-76aacbeca6a7,ExtAddr
x-microsoft-antispam-prvs: <BY2PR09MB029487C44BD5CDF996F1329BE1AF0@BY2PR09MB0294.namprd09.prod.outlook.com>
x-exchange-antispam-report-test: UriScan:;
x-exchange-antispam-report-cfa-test: BCL:0;PCL:0;RULEID:(601004)(2401047)(5005006)(8121501046)(10201501046)(3002001);SRVR:BY2PR09MB0294;BCL:0;PCL:0;RULEID:;SRVR:BY2PR09MB0294;
x-forefront-prvs: 085634EFF4
x-forefront-antispam-report: SFV:NSPM;SFS:(10019020)(479174004)(377454003)(5423002)(4423002)(252514010)(51914003)(92566002)(99286002)(122556002)(5001770100001)(19580395003)(11100500001)(19580405001)(19300405004)(189998001)(74316001)(5008740100001)(5001960100002)(40100003)
(1220700001)(2501003)(76176999)(86362001)(33656002)(5003600100002)(10400500002)(1096002)(50986999)(87936001)(586003)(19625215002)(5002640100001)(102836003)(790700001)(6116002)(54356999)(2906002)(77096005)(5004730100002)(3280700002)(2950100001)(2900100001)(15975445007)(4326007)
(3660700001)(76576001)(16236675004)(3826002);DIR:OUT;SFP:1102;SCL:1;SRVR:BY2PR09MB0294;H:BY2PR09MB0705.namprd09.prod.outlook.com;FPR:;SPF:None;MLV:sfv;LANG:en;
Content-Type: multipart/alternative;
        boundary="_000_BY2PR09MB07050EC5D5AAB839CA49DC86E1AF0BY2PR09MB0705namp_"
MIME-Version: 1.0
X-OriginatorOrg: epa.gov
X-MS-Exchange-CrossTenant-originalarrivaltime: 18 Feb 2016 19:41:30.8396
 (UTC)
X-MS-Exchange-CrossTenant-fromentityheader: Hosted
X-MS-Exchange-CrossTenant-id: 88b378b3-6748-4867-acf9-76aacbeca6a7
X-MS-Exchange-Transport-CrossTenantHeadersStamped: BY2PR09MB0294
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From: Williams, Jonathan
To: Sheldrake, Beth
Cc: McDonnell, Kimberlee
Subject: FW: daily summary 02/17/16
Date: Thursday, February 18, 2016 11:46:40 AM


Below is a clarification sent to Cliff in response to what he reported hearing from KW when onsite
 yesterday about upcoming soil remedy Remedial Action construction work.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Williams, Jonathan 
Sent: Thursday, February 18, 2016 11:41 AM
To: 'Cliff Merrill' <Cliff.Merrill@akana.us>; Benchouk, Michele [USA] (Benchouk_Michele@bah.com)
 <Benchouk_Michele@bah.com>; hodge-frances@bah.com
Cc: Bill Renfroe <bill.renfroe@akana.us>; Tim Norman <Tim.Norman@akana.us>;
 kwright@sbtribes.com; susanh@ida.net; McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: RE: daily summary 02/17/16
 
Cliff:
 
Thanks for the summary.  One item caught my attention that I think deserves clarification.
 
Your report states that, according to Mark Smith of KW, Valley plans to start construction in early
 March.   FMC is responsible for all Remedial Action construction at the site, including RA-G North. 
 Valley verbally acknowledged that understanding at a meeting in Seattle with EPA, FMC, the Tribes,
 and IDEQ in early December 2015. 
 
The EPA February 6, 2016 disapproval and comments on FMC’s final soil remedy Remedial Design
 Report, supporting documents, and Remedial Action Work Plan also speak to this topic.  (I
 forwarded these to you yesterday.)  There are several comments about site access and Remedial
 Action construction scheduling/sequencing within RA-G and the rest of the FMC OU. 
 
In short, I think what KW meant is that FMC might be prepared to begin Remedial Action
 construction work within RA-G North in early March if the forthcoming FMC RD/RA resubmittal is
 responsive to EPA comments of February 6, 2016.  When Valley contractors would then be allowed
 on site to do general construction work is unclear.  The proposed schedules provided to EPA so far
 do not clearly identify when remedial action construction within RA-G North is anticipated to be
 complete.
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Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Cliff Merrill [mailto:Cliff.Merrill@akana.us] 
Sent: Wednesday, February 17, 2016 5:17 PM
To: Benchouk, Michele [USA] (Benchouk_Michele@bah.com) <Benchouk_Michele@bah.com>;
 hodge-frances@bah.com
Cc: Williams, Jonathan <Williams.Jonathan@epa.gov>; Bill Renfroe <bill.renfroe@akana.us>; Tim
 Norman <Tim.Norman@akana.us>; kwright@sbtribes.com; susanh@ida.net
Subject: daily summary 02/17/16
 
I met with Mark Smith of FMC,K/W at 1355 and received my on-site refresher safety training.  I was
 asked this morning to go to the FMC project for oversight work as K/W began to work again on the
 septic tank vault cleanout work.  K/W began work on this late last fall and have started back again as
 of yesterday.  Mark filled me in on what they have done yesterday (mostly pumped water out of the
 vault) and so far today (continued pumping and preparing to gather waste into barrels), and said
 they should be through with this vault cleanout work within two weeks.  Tim Norman told me he
 plans on arriving this coming  Monday and will be here for most of the work next week.  K/W
 cleaned the walls of the vault this afternoon and left about 4pm (1600) to get some parts and other
 equipment for tomorrow.  They plan on resuming work tomorrow morning with Roto-Rooter (sub
 contr.) doing some of the work.  Mark Smith also said that Valley A. plans on starting construction
 around the first week of March and the continued capping work is scheduled to start around the
 first week of April.  The weather was cloudy all day with a high of about 50 F.
 
 
 
 
 


Cliff Merrill 
FMC Project Oversight
 


Akana
6400 SE Lake Road, Suite 270
Portland, OR  97222
 


O: (503) 652-9090         M: (208) 221-0767
Cliff.Merrill@akana.us
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From: Sheldrake, Beth
To: Holsman, Marianne; Skadowski, Suzanne
Cc: Grandinetti, Cami; Williams, Jonathan; McDonnell, Kimberlee
Subject: Lepic FOIA - FW: Power County Press Article
Date: Thursday, February 18, 2016 2:12:37 PM
Attachments: 20160218145123199.pdf


Hi, Marianne and Suzanne.  FMC provided the attached article which ran in the Power County Press
 (a very small local paper).  We are continuing to work with FMC to resolve issues related to the
 remedial design and construction activities in the area Valley is redeveloping.  We think the issues
 are resolvable.  Jonathan is tentatively planning to be out at the site the first week of March for
 what we hope is the pre-construction meeting.
 
Let me know if you have any questions/concerns. 
 
 
________________________________________________________
Beth Sheldrake | Unit Manager
U.S. Environmental Protection Agency | Region 10
Office of Environmental Cleanup
Superfund Site Cleanup Unit #1
p: 206.553.0220 | c: 206.890-1827 | sheldrake.beth@epa.gov
 
 


From: Lizanne Davis [mailto:Lizanne.Davis@fmc.com] 
Sent: Thursday, February 18, 2016 12:40 PM
To: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: Power County Press Article
 


Dear Beth,
Attached is a copy of an article that appeared in yesterday’s Power County
 Press.  This came as a surprise to me as we had not been contacted by the
 paper, or advised of the Valley interview.  My impression is that Valley is
 relatively overwhelmed by all the requirements associated with developing on
 a Superfund site…
Best,
Liz
 
Lizanne H. Davis
Director, Government Affairs
FMC Corporation
 
202.956.5211 (Office), 202.412.1055 (Cell)
202.956.5235 (Fax)
 
lizanne.davis@fmc.com
 



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=1891F77BB24249BD8FD4BBE0D271EF95-SHELDRAKE, BETH

mailto:Holsman.Marianne@epa.gov

mailto:Skadowski.Suzanne@epa.gov

mailto:Grandinetti.Cami@epa.gov

mailto:Williams.Jonathan@epa.gov

mailto:McDonnell.Kimberlee@epa.gov

mailto:lizanne.davis@fmc.com














From: Sheldrake, Beth
To: Valdez, Heather
Cc: Weigel, Greg; McArthur, Lisa; Palumbo, Janice; Olson, Lisa; McDonnell, Kimberlee; Moon, Wally
Subject: Lepic FOIA Update on communication regarding transition
Date: Wednesday, February 10, 2016 12:15:01 PM


Thanks for the update, Heather.  I trust you and Greg will work something out that works for
 both of you.  I think you know this, but when Greg transitions out, Wally will also be
 transitioning out of the Superfund management lead for the removal UAO.  I will be assuming
 that role so I just need to know when to start paying closer attention to the RCRA pond work
 J .


Thanks and don’t hesitate to reach out of you have questions or want to talk through anything
 related to CERCLA implementation.


Beth


________________________________________________________


Beth Sheldrake | Unit Manager


U.S. Environmental Protection Agency | Region 10


Office of Environmental Cleanup


Superfund Site Cleanup Unit #1


p: 206.553.0220 | c: 206.890-1827 | sheldrake.beth@epa.gov


_____________________________________________
From: Valdez, Heather
Sent: Wednesday, February 10, 2016 11:45 AM
To: Sheldrake, Beth <sheldrake.beth@epa.gov>
Cc: Weigel, Greg <Weigel.Greg@epa.gov>; McArthur, Lisa <McArthur.Lisa@epa.gov>;
 Palumbo, Janice <Palumbo.Jan@epa.gov>; Olson, Lisa <Olson.Lisa@epa.gov>
Subject: Update on communication regarding transition


Hi Beth, I just wanted to follow up. You had asked for an update when we decide about how
 and when we will be communicating to the tribe regarding the transition. Greg is still going to
 take the lead for general functions until I am officially transitioned, such as some work coming
 up coordinating comments regarding a work plan. The workplan is for some work they will do
 to repair a standpipe (requiring temporary opening up of the RCRA cap).
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Greg has a good relationship with the representatives for the tribe so he will plan to convey
 the info about the transition in an informal way with the staff he works with regularly, Kelly
 and Susan, whom you know. I also have a meeting scheduled tomorrow where I will discuss
 with my FMC project team the best way to convey the info more broadly, in a more formal
 way. I will give you another update when we finalize decisions that. Lisa and I also spoke
 about the timing for conveying the info, we were thinking this spring, maybe aim for May, but
 with the work FMC will do that is up-coming to potentially occur in March, we may want to do
 that sooner, because it is likely to come up in a more informal way as the work is going on and
 Greg and I are in regular communication with them regarding the plans for that.


Let me know if you have any questions, Thanks.


    


_______________________________________________________


Heather Valdez


Chemical Engineer, Project Manager


RCRA Corrective Actions and Permits Team


EPA Region 10


1200 6th Ave, Suite 900,  AWT-150, Seattle WA, 98101


(206) 553-6220


valdez.heather@epa.gov


_________________________________________________


_____________________________________________
From: Sheldrake, Beth
Sent: Tuesday, February 02, 2016 11:12 AM
To: Valdez, Heather <Valdez.Heather@epa.gov>; Weigel, Greg <Weigel.Greg@epa.gov>;
 Moon, Wally <Moon.Wally@epa.gov>; Matthews, Julie <Matthews.Juliane@epa.gov>;
 McArthur, Lisa <McArthur.Lisa@epa.gov>; Boyd, Andrew <Boyd.Andrew@epa.gov>;
 Ingemansen, Dean <Ingemansen.Dean@epa.gov>; Palumbo, Janice <Palumbo.Jan@epa.gov>
Subject: RE: FMC RCRA Ponds Project Management - Summary to date


Hi, everyone.  I probably don’t need to be involved in the discussion, but if someone can just
 let me know the decision, that would be great.  I spoke to Lisa recently and because we aren’t
 able to get Heather into the required CERCLA training until April, we may need to delay the
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 “official” transition (per the Order) until then….


Beth


________________________________________________________


Beth Sheldrake | Unit Manager


U.S. Environmental Protection Agency | Region 10


Office of Environmental Cleanup


Superfund Site Cleanup Unit #1


p: 206.553.0220 | c: 206.890-1827 | sheldrake.beth@epa.gov


_____________________________________________
From: Valdez, Heather
Sent: Tuesday, February 02, 2016 9:44 AM
To: Weigel, Greg <Weigel.Greg@epa.gov>; Moon, Wally <Moon.Wally@epa.gov>; Matthews,
 Julie <Matthews.Juliane@epa.gov>; McArthur, Lisa <McArthur.Lisa@epa.gov>; Boyd, Andrew
 <Boyd.Andrew@epa.gov>; Ingemansen, Dean <Ingemansen.Dean@epa.gov>; Palumbo,
 Janice <Palumbo.Jan@epa.gov>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: RE: FMC RCRA Ponds Project Management - Summary to date


Thanks Greg, I agree that we should consider some way of informing them soon. I would like
 to set up a meeting to discuss the way that we would inform them. I think that I should
 include Greg, Andy, Lisa, Jan.


Does anyone else think that there is someone else that should be included for this discussion?


_______________________________________________________


Heather Valdez


Chemical Engineer, Project Manager


RCRA Corrective Actions and Permits Team


EPA Region 10


1200 6th Ave, Suite 900,  AWT-150, Seattle WA, 98101


(206) 553-6220
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valdez.heather@epa.gov


_________________________________________________


_____________________________________________
From: Weigel, Greg
Sent: Tuesday, February 02, 2016 9:34 AM
To: Moon, Wally <Moon.Wally@epa.gov>; Matthews, Julie <Matthews.Juliane@epa.gov>;
 McArthur, Lisa <McArthur.Lisa@epa.gov>; Valdez, Heather <Valdez.Heather@epa.gov>;
 Boyd, Andrew <Boyd.Andrew@epa.gov>; Ingemansen, Dean <Ingemansen.Dean@epa.gov>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: RE: FMC RCRA Ponds Project Management - Summary to date


We will need to engage the Tribes and at least let them know we’re planning to amend the
 UAO for Heather to be the RPM POC.  I suppose we should do that soon.


Greg Weigel


Federal On-Scene Coordinator


EPA Region 10, Emergency Response Unit


950 W. Bannock Street, Boise, ID 83702


208-378-5773 office


208-867-3710 cell


_____________________________________________
From: Moon, Wally
Sent: Tuesday, February 02, 2016 10:18 AM
To: Matthews, Julie <Matthews.Juliane@epa.gov>; McArthur, Lisa <McArthur.Lisa@epa.gov>;
 Valdez, Heather <Valdez.Heather@epa.gov>; Weigel, Greg <Weigel.Greg@epa.gov>; Boyd,
 Andrew <Boyd.Andrew@epa.gov>; Ingemansen, Dean <Ingemansen.Dean@epa.gov>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: RE: FMC RCRA Ponds Project Management - Summary to date


Hi folks,


Just checking on the status of this transition from Greg to Heather.  In particular, I’m
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 interested in getting this formalized in the UAO.  Sorry, I’ve lost track with who is drafting the
 revision and when we are to sign/approve it.


Can someone provide a status update?


Thanks,


Wally


------------------------------------------------------------


Wally Moon | Manager


U.S. Environmental Protection Agency | Region 10


Office of Environmental Cleanup – Emergency Management Program


Emergency Preparedness and Prevention Unit


p: 206.553.6323 | c: 206.419.2682 | moon.wally@epa.gov


_____________________________________________
From: Matthews, Julie
Sent: Monday, December 07, 2015 12:43 PM
To: McArthur, Lisa <McArthur.Lisa@epa.gov>; Moon, Wally <Moon.Wally@epa.gov>; Valdez,
 Heather <Valdez.Heather@epa.gov>; Weigel, Greg <Weigel.Greg@epa.gov>; Boyd, Andrew
 <Boyd.Andrew@epa.gov>; Ingemansen, Dean <Ingemansen.Dean@epa.gov>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: RE: FMC RCRA Ponds Project Management - Summary to date


I also am covering the ET today—for Allyn so will come to the RCRA Ponds meeting when it
 is over.


Juliane Matthews


Assistant Regional Counsel


U.S. Environmental Protection Agency- Region 10


1200 Sixth Avenue, Suite 900, ORC -113


Seattle, WA 98101
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(206) 553-1169


matthews.juliane@epa.gov


_____________________________________________
From: McArthur, Lisa
Sent: Monday, December 07, 2015 12:36 PM
To: Moon, Wally <Moon.Wally@epa.gov>; Valdez, Heather <Valdez.Heather@epa.gov>;
 Weigel, Greg <Weigel.Greg@epa.gov>; Boyd, Andrew <Boyd.Andrew@epa.gov>;
 Ingemansen, Dean <Ingemansen.Dean@epa.gov>; Matthews, Julie
 <Matthews.Juliane@epa.gov>
Cc: Sheldrake, Beth <sheldrake.beth@epa.gov>
Subject: FMC RCRA Ponds Project Management - Summary to date


I may be late to this meeting, as I am covering the ET for Jan, and I doubt it will end on time. 
 So just to kick it off – if my list below is a fairly accurate summary of what Heather needs to
 do take over the UAO from Greg, then I am fine with her doing so. If this list looks right to
 people, can you nail down any necessary specifics? Thank you, hoping to join you,


Lisa


P.S. Both Heather and Greg are remote, but Heather is looking for someone to dial them both
 in.  Heather can be reached at x6220.


1.      Register at trainex to take the Superfund 101 course, which she will then travel to for a
 week.  I am fine with this level of training, and Beth said Superfund can help with the travel
 money to the training course.


2.      Other training includes 40 hour HAZWOPER, which she has taken, and contracts and
 grants training, which she needs anyway.


3.      Review of regular billing of FMC for cost reimbursement (Greg can mentor)


4.      Understand and use site-specific accounting, which ECL will provide assistance with. 
 Other travel to the site associated with the UAO may be charged to the special account that
 Andy has set up (or will set up)?


5.      Use the SDMS/SEMS recordkeeping system for records associated with the UAO.  While
 this is more work, Beth said that she would have a person in the Superfund record center
 assigned to the site, who can facilitate getting the records in the system.


6.      Management and oversight of IDEQs technical support funded under the CERCLA multi-
site programmatic agreement (Greg can mentor)
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Lisa McArthur


RCRA Program Unit Manager


Office of Air, Waste and Toxics


EPA Region 10


(206) 553-1814


mcarthur.lisa@epa.gov
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From: Williams, Jonathan
To: Kelly Wright; susanh@ida.net; Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov;


 Wayne.Crowther@deq.idaho.gov; Benchouk, Michele [USA]; Zavala, Bernie; Poeton. Rick
Cc: McDonnell, Kimberlee
Subject: No FMC OU Call Today: Bi-Weekly Call Next Thursday, February 25
Date: Thursday, February 18, 2016 11:54:45 AM


Thanks for holding the date/time for a potential extra call.  Let’s cancel and pick up the regular bi-
weekly call schedule next Thursday, February 25.
 
In the meantime, please continue work on developing groundwater remedy intermediate RD
 comments, and be prepared for FMC’s soil remedy RD/RA resubmittal in response to EPA comments
 of February 6.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: Marguerite Carpenter
Cc: Kelly Wright; Scott.Miller@deq.idaho.gov; susanh@ida.net; Wayne.Crowther@deq.idaho.gov;


 Douglas.Tanner@deq.idaho.gov; Benchouk_Michele@bah.com; rtpoeton@msn.com; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
Date: Friday, February 19, 2016 11:17:44 AM


Marjo:
 
Thanks for the telephone conversation with me, Beth Sheldrake, Liz Davis, and Rachel Greengas
 yesterday afternoon.  As part of that conversation, we discussed setting up two conference calls
 with EPA, the Tribes, IDEQ, and FMC.  The purpose of the two conference calls is to hear FMC’s
 thoughts on revising the soil remedy RD/RA deliverables in response to EPA comments of February
 6, 2016, and to provide feedback needed to help FMC meet EPA expectations.
 
FMC proposed a teleconference next Tuesday (February 23) afternoon to discuss Remedial Action
 construction topics (e.g. schedule and sequencing, PSVP implementation within RA-G, site security,
 health and safety, etc.),  the PSVPP, and the OMMP.  In checking with Tribal and IDEQ counterparts,
 that date/time looks workable other than 1-2 pm Mountain Time.
 
We also discussed having a teleconference sometime today to discuss gas monitoring comments.  As
 I mentioned in a voicemail message to you earlier today, that’s not workable for all who should
 participate.  Instead, I suggest we add that agenda item to next Tuesday.  Also, if it would be helpful,
 a few of us could have an introductory discussion within the next few hours about gas monitoring to
 frame the subsequent discussion.  That introductory discussion, if you think beneficial, would need
 to occur before 3 pm Mountain Time today.
 
Please let us know your thoughts shortly.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: Kelly Wright; susanh@ida.net; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;


 Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA]; Poeton. Rick; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
Date: Thursday, February 18, 2016 4:12:25 PM


FMC has proposed a couple of conference calls with EPA, IDEQ, and the Tribes to discuss EPA
 comments of 2/6/16 on the soil remedy RD/RA deliverables. The intent is to hear how FMC plans to
 revise deliverables in response to EPA comments, and provide feedback needed to help FMC
 develop high-quality resubmittals. 
 
Please alert me about your availability on the follow days.  Thanks.
 
Friday, Feb. 19 to discuss gas monitoring plan comments
 
Tuesday, Feb. 23 to discuss construction sequencing, PSVP and OMM&P comments
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: susanh@ida.net
Cc: Kelly Wright; McDonnell, Kimberlee
Subject: RE: Disposition of USC Material
Date: Wednesday, February 17, 2016 10:58:35 AM


 The Dec. 15 FMC memos came to Beth Sheldrake from Liz Davis.  I forwarded them to Kelly, you, and others
 December 22, 2015 shortly after I received them.  And I re-forwarded them to you earlier today.


Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101


Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov


-----Original Message-----
From: Susan Hanson [mailto:susanh@ida.net]
Sent: Wednesday, February 17, 2016 6:41 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>; Kelly Wright <kwright@sbtribes.com>
Subject: Disposition of USC Material


Hi Jonathan,


I have looked back through emails of December 2015,  and do not find any document on the Disposition of USC
 material from either Marjo or Rob.  Could you please forward?


Thanks
Susan Hanson
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From: Williams, Jonathan
To: Kelly Wright; susanh@ida.net; Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov;


 Wayne.Crowther@deq.idaho.gov; Benchouk, Michele [USA]; Zavala, Bernie; Poeton. Rick
Cc: McDonnell, Kimberlee
Subject: RE: FMC OU Bi-Weekly Call Reminder for today at 2 pm Mountain Time
Date: Thursday, February 11, 2016 12:46:54 PM


The soil remedy RD and RAWP comments were sent out last week.
 
Let’s focus on continuing work to develop comments on the groundwater remedy 60 percent RD.
 
The call may be short as I don’t have new information.
 
Here’s the phone info.
 
Dial In
Passcode
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 
 


Non-Responsive


Non-Responsive
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From: Kelly Wright
To: Williams, Jonathan; susanh@ida.net; Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov;


 Wayne.Crowther@deq.idaho.gov; Benchouk, Michele [USA]; Zavala, Bernie; Poeton. Rick
Cc: McDonnell, Kimberlee
Subject: RE: No FMC OU Call Today: Bi-Weekly Call Next Thursday, February 25
Date: Thursday, February 18, 2016 1:23:53 PM


Jonathan, I am concerned that FMC is still moving forward with the site redevelopment.  This is
 something rather alarming because it draws away from the actual clean up at the FMC OU. I
 understand that redevelopment was approved for components north of the frontage road. Can I get
 EPA’s stand on this?
Thanks
Kelly
 
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 12:55 PM
To: Kelly Wright <kwright@sbtribes.com>; Susan Hanson <susanh@ida.net>;
 Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;
 Benchouk, Michele [USA] <Benchouk_Michele@bah.com>; Zavala, Bernie
 <Zavala.Bernie@epa.gov>; Poeton. Rick <rtpoeton@msn.com>
Cc: McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: No FMC OU Call Today: Bi-Weekly Call Next Thursday, February 25
 
Thanks for holding the date/time for a potential extra call.  Let’s cancel and pick up the regular bi-
weekly call schedule next Thursday, February 25.
 
In the meantime, please continue work on developing groundwater remedy intermediate RD
 comments, and be prepared for FMC’s soil remedy RD/RA resubmittal in response to EPA comments
 of February 6.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Kelly Wright
To: Williams, Jonathan; susanh@ida.net; Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov;


 Wayne.Crowther@deq.idaho.gov; Benchouk, Michele [USA]; Zavala, Bernie; Poeton. Rick
Cc: McDonnell, Kimberlee
Subject: RE: No FMC OU Call Today: Bi-Weekly Call Next Thursday, February 25
Date: Thursday, February 18, 2016 1:25:54 PM


Sorry Jonathan, I’ve been in meeting all morning and just starting to go through emails and notice
 that we have this already answered.
Thanks
Kelly
 


From: Kelly Wright 
Sent: Thursday, February 18, 2016 2:24 PM
To: 'Williams, Jonathan' <Williams.Jonathan@epa.gov>; Susan Hanson <susanh@ida.net>;
 Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;
 Benchouk, Michele [USA] <Benchouk_Michele@bah.com>; Zavala, Bernie
 <Zavala.Bernie@epa.gov>; Poeton. Rick <rtpoeton@msn.com>
Cc: McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: RE: No FMC OU Call Today: Bi-Weekly Call Next Thursday, February 25
 
Jonathan, I am concerned that FMC is still moving forward with the site redevelopment.  This is
 something rather alarming because it draws away from the actual clean up at the FMC OU. I
 understand that redevelopment was approved for components north of the frontage road. Can I get
 EPA’s stand on this?
Thanks
Kelly
 
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 12:55 PM
To: Kelly Wright <kwright@sbtribes.com>; Susan Hanson <susanh@ida.net>;
 Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;
 Benchouk, Michele [USA] <Benchouk_Michele@bah.com>; Zavala, Bernie
 <Zavala.Bernie@epa.gov>; Poeton. Rick <rtpoeton@msn.com>
Cc: McDonnell, Kimberlee <McDonnell.Kimberlee@epa.gov>
Subject: No FMC OU Call Today: Bi-Weekly Call Next Thursday, February 25
 
Thanks for holding the date/time for a potential extra call.  Let’s cancel and pick up the regular bi-
weekly call schedule next Thursday, February 25.
 
In the meantime, please continue work on developing groundwater remedy intermediate RD
 comments, and be prepared for FMC’s soil remedy RD/RA resubmittal in response to EPA comments
 of February 6.
 
Jonathan Williams, LHG
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Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Scott.Miller@deq.idaho.gov
To: Williams, Jonathan; kwright@sbtribes.com; susanh@ida.net; Wayne.Crowther@deq.idaho.gov;


 Douglas.Tanner@deq.idaho.gov; Benchouk_Michele@bah.com; rtpoeton@msn.com; McDonnell, Kimberlee
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
Date: Friday, February 19, 2016 5:33:57 AM


Jonathan,
My schedule is open today until 3pm  mountain time. Brian English is out of the office and is
 unavailable to discuss gas monitoring today.
Tuesday, Feb. 23rd, I have a meeting scheduled for 1pm to 2pm mountain time, my
 available the remainder of the day.
 
Scott
 


Scott A. Miller, P.G.
Hydrogeologist | Idaho DEQ
ph: (208) 373-0328
 
From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 5:12 PM
To: Kelly Wright; susanh@ida.net; Scott Miller; Wayne Crowther; Douglas Tanner; Benchouk, Michele
 [USA]; Poeton. Rick; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
 
FMC has proposed a couple of conference calls with EPA, IDEQ, and the Tribes to discuss EPA
 comments of 2/6/16 on the soil remedy RD/RA deliverables. The intent is to hear how FMC plans to
 revise deliverables in response to EPA comments, and provide feedback needed to help FMC
 develop high-quality resubmittals. 
 
Please alert me about your availability on the follow days.  Thanks.
 
Friday, Feb. 19 to discuss gas monitoring plan comments
 
Tuesday, Feb. 23 to discuss construction sequencing, PSVP and OMM&P comments
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Terrell and Richard POETON
To: Williams, Jonathan; Kelly Wright; susanh@ida.net; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;


 Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA]; Terrell and Richard POETON; McDonnell, Kimberlee
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
Date: Thursday, February 18, 2016 4:14:49 PM


I am available both days. Just send me the details.
Thanks.
 
 
Richard W. Poeton
1 Monument Ave
Old Bennington, VT 05201
rtpoeton@msn.com
802-753-7760
 
 
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 7:12 PM
To: Kelly Wright; susanh@ida.net; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;
 Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA]; Poeton. Rick; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
 
FMC has proposed a couple of conference calls with EPA, IDEQ, and the Tribes to discuss EPA
 comments of 2/6/16 on the soil remedy RD/RA deliverables. The intent is to hear how FMC plans to
 revise deliverables in response to EPA comments, and provide feedback needed to help FMC
 develop high-quality resubmittals. 
 
Please alert me about your availability on the follow days.  Thanks.
 
Friday, Feb. 19 to discuss gas monitoring plan comments
 
Tuesday, Feb. 23 to discuss construction sequencing, PSVP and OMM&P comments
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Williams, Jonathan
To: Terrell and Richard POETON; Kelly Wright; susanh@ida.net; Scott.Miller@deq.idaho.gov;


 Wayne.Crowther@deq.idaho.gov; Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA]; McDonnell,
 Kimberlee


Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
Date: Friday, February 19, 2016 1:04:10 PM


Rick and others:
 
I received a brief call from Marjo earlier today.  FMC is thinking that installation of Radon mitigation
 systems in the planned RA-G North buildings will meet RAO #1 (see page 36 of the IRODA) and also
 address any other subsurface gases which might underlie those buildings when constructed.  She
 asked us to consider that approach prior to our teleconference next Tuesday.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Terrell and Richard POETON [mailto:rtpoeton@msn.com] 
Sent: Thursday, February 18, 2016 4:15 PM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>; Kelly Wright <kwright@sbtribes.com>;
 susanh@ida.net; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;
 Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA] <Benchouk_Michele@bah.com>; Terrell
 and Richard POETON <rtpoeton@msn.com>; McDonnell, Kimberlee
 <McDonnell.Kimberlee@epa.gov>
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
 
I am available both days. Just send me the details.
Thanks.
 
 
Richard W. Poeton
1 Monument Ave
Old Bennington, VT 05201
rtpoeton@msn.com
802-753-7760
 
 
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 7:12 PM
To: Kelly Wright; susanh@ida.net; Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov;
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 Douglas.Tanner@deq.idaho.gov; Benchouk, Michele [USA]; Poeton. Rick; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
 
FMC has proposed a couple of conference calls with EPA, IDEQ, and the Tribes to discuss EPA
 comments of 2/6/16 on the soil remedy RD/RA deliverables. The intent is to hear how FMC plans to
 revise deliverables in response to EPA comments, and provide feedback needed to help FMC
 develop high-quality resubmittals. 
 
Please alert me about your availability on the follow days.  Thanks.
 
Friday, Feb. 19 to discuss gas monitoring plan comments
 
Tuesday, Feb. 23 to discuss construction sequencing, PSVP and OMM&P comments
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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From: Kelly Wright
To: Scott.Miller@deq.idaho.gov; Williams, Jonathan; susanh@ida.net; Wayne.Crowther@deq.idaho.gov;


 Douglas.Tanner@deq.idaho.gov; Benchouk_Michele@bah.com; rtpoeton@msn.com; McDonnell, Kimberlee
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
Date: Friday, February 19, 2016 7:00:26 AM


Sorry Jonathan, I am not available today.  I am available for the 23rd and can re arrange it to make
 sure to be on the call.  Is there any possibility of rescheduling the gas monitoring for next week. 
 Brian has been involved with the gas monitoring at the ponds since 2006 as well as the Tribes. This
 is a critical component that needs to be discussed.  Hopefully, we can.
Thanks
Kelly
 
 


From: Scott.Miller@deq.idaho.gov [mailto:Scott.Miller@deq.idaho.gov] 
Sent: Friday, February 19, 2016 6:34 AM
To: Williams.Jonathan@epa.gov; Kelly Wright <kwright@sbtribes.com>; Susan Hanson
 <susanh@ida.net>; Wayne.Crowther@deq.idaho.gov; Douglas.Tanner@deq.idaho.gov;
 Benchouk_Michele@bah.com; rtpoeton@msn.com; McDonnell.Kimberlee@epa.gov
Subject: RE: Proposed Soil Remedy RD/RA Calls with FMC
 
Jonathan,
My schedule is open today until 3pm  mountain time. Brian English is out of the office and is
 unavailable to discuss gas monitoring today.
Tuesday, Feb. 23rd, I have a meeting scheduled for 1pm to 2pm mountain time, my
 available the remainder of the day.
 
Scott
 


Scott A. Miller, P.G.
Hydrogeologist | Idaho DEQ
ph: (208) 373-0328
 
From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Thursday, February 18, 2016 5:12 PM
To: Kelly Wright; susanh@ida.net; Scott Miller; Wayne Crowther; Douglas Tanner; Benchouk, Michele
 [USA]; Poeton. Rick; McDonnell, Kimberlee
Subject: Proposed Soil Remedy RD/RA Calls with FMC
 
FMC has proposed a couple of conference calls with EPA, IDEQ, and the Tribes to discuss EPA
 comments of 2/6/16 on the soil remedy RD/RA deliverables. The intent is to hear how FMC plans to
 revise deliverables in response to EPA comments, and provide feedback needed to help FMC
 develop high-quality resubmittals. 
 
Please alert me about your availability on the follow days.  Thanks.
 
Friday, Feb. 19 to discuss gas monitoring plan comments
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Tuesday, Feb. 23 to discuss construction sequencing, PSVP and OMM&P comments
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 



mailto:williams.jonathan@epa.gov






From: Williams, Jonathan
To: Cliff Merrill; Bill Renfroe; Tim Norman
Cc: Benchouk, Michele [USA]; McDonnell, Kimberlee
Subject: RE: Review of FMC Contractor Construction Plans for RA-G North Redevelopment
Date: Wednesday, February 17, 2016 12:44:58 PM
Attachments: Comments on Final Soil Remedy RD and RAWP 2-6-16 .pdf


Thanks.  I’ve attached EPA comments sent to FMC February 6, 2016.  The comments are on the final
 RD report, supporting documents, and the RAWP.  Comments on the contractor documents
 (appendices to the RAWP) are found on pages 15-19.  Michelle may ask for your help when we
 receive the FMC resubmittal.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Cliff Merrill [mailto:Cliff.Merrill@akana.us] 
Sent: Wednesday, February 17, 2016 12:25 PM
To: Bill Renfroe <bill.renfroe@akana.us>; Tim Norman <Tim.Norman@akana.us>
Cc: Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: FW: Review of FMC Contractor Construction Plans for RA-G North Redevelopment
 
Here is Michele’s email with attached plans for the Redevelopment in RA-G N that she asked us to
 review and send comments to her.  I should have checked if you guy’s were cc’d, sorry.  She told me
 to hold off until I was given the go-ahead by my supervisors.
 


Cliff Merrill 
FMC Project Oversight
 


Akana
6400 SE Lake Road, Suite 270
Portland, OR  97222
 


O: (503) 652-9090         M: (208) 221-0767
Cliff.Merrill@akana.us
 


From: Benchouk, Michele [USA] [mailto:Benchouk_Michele@bah.com] 
Sent: Monday, February 01, 2016 1:07 PM
To: Cliff Merrill
Subject: Review of FMC Contractor Construction Plans for RA-G North Redevelopment
 
Cliff,
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February 6, 2016 



EPA COMMENTS 



Remedial Design Report, Remedial Action Work Plan, Supporting Documents 



Unilateral Administrative Order (UAO) for Remedial Design and Remedial Action 



EPA Docket No. CERCLA-10-2013-0116 



FMC Operable Unit of the Eastern Michaud Flats Superfund Site, Pocatello, ID 



  



On December 23, 2015, FMC submitted a Final (100%) Soil Remedy Engineering Remedial 



Design Report (RDR), Remedial Action Work Plan (RAWP), and supporting documents.   



On January 13, 2016, FMC submitted appendices A-1 and B-1 to the RAWP for remedial action 



construction at RA-G North.  The Contractor Construction Plan and Construction Quality 



Assurance/Quality Control Plan, Appendices A-1 and B-1, are for a portion of RA-G where 



commercial development is planned to occur after the soil remedy has been constructed.   



 



Below are EPA’s comments on the Final Soil Remedy Engineering Remedial Design Report 



(RDR), Remedial Action Work Plan (RAWP) including Appendices A-1 and B-1, and the 



RD/RA supporting documents.  These submittals require revision, and are disapproved under 



paragraphs 60 and 61 of the subject UAO.  FMC shall address the comments, correct the 



deficiencies, and resubmit for approval within 14 days. 



 



These comments do not address the draft Institutional Control Implementation Assurance Plan 



(ICIAP) submitted in January 2015.  EPA comments on the draft ICIAP will be provided 



separately. 



 



 



A. Comments on the RDR and RAWP Related to Redevelopment Addendum 



Comments Provided by EPA November 25, 2015 and FMC’s Response to Comments of 



December 23, 2015 



 



Comment 1: Ground Settlement and Subsidence.  As noted in the response from FMC, an 



independent Geotechnical Design Report and design drawings were provided in Appendix H to 



the Final RDR.  This includes an initial report (June 23, 2015) which did not consider the 



proposed gamma cap design or grading plan, and subsequent addenda (August 7 and 28, 2015) 



which account for the gamma cap required for RA-G North.   



 



a. On page 8 of the initial report, the consultant concludes that “fill is variable in density 



and not suitable for support of structural elements, without the potential for long-term 



subsidence.”  Accordingly, the consultant proposes that portions of the existing fill be 



excavated and reinstalled in a controlled compacted manner to accommodate overlying 



paving and structures.  Placement of three layers of geogrid will also be placed beneath 











(and extending five feet beyond the footprint of) proposed structures.  FMC must discuss 



how such actions will impact construction and integrity of the gamma cap in this area.  In 



addition, FMC must expand Section 3.2.1.1 of the PSVP to note that the final status 



survey will include an assessment of gamma cap equivalency for reinstalled, compacted 



fill in the roadways, parking areas, and laydown areas (as noted on page 13 of the 



response to comments letter), as well as compacted fill foundations associated with the 



Valley facility features.  FMC must clarify how it intends to perform final status surveys 



in RA-G North areas where building construction takes place.  Because the proposed 



aggregate base corresponds to the gamma cap’s primary shielding layer beneath proposed 



RA-G structures, this layer must be shown to provide adequate protection from gamma 



exposures.  Potentially removable overlying structures or features (e.g., concrete slab on 



grade), which correspond to the gamma cap buffer, should not be considered when 



determining gamma emission rates from this area after construction.  FMC is responsible 



for ensuring that these structures are properly maintained in perpetuity.  



 



b. On page 9 of the initial report, the consultant discusses construction of stormwater 



infiltration facilities below the fill soils.  FMC must explain how construction of these 



infiltration facilities will affect placement, integrity, and shielding capability of the 



proposed gamma cap at RA-G North.  Similarly, FMC must discuss how a potential 



sinkhole or standing water (mentioned on page 12 of the initial report) would affect the 



physical integrity and shielding properties of the gamma cap, as well as its ultimate 



impact on the groundwater remedy. 



 



c. FMC must clarify how materials excavated during Valley facility construction (Remedial 



Action construction) will be handled and disposed to ensure protection of human health 



and the environment. This is of particular concern with regard to any P4 material that 



may be encountered. 



 



Comment 2: Storm Water Settling Pond.  The response to this comment is acceptable with 



regard to lining of the proposed Valley detention pond.  However, as review of the 60% 



groundwater remedy design progresses, EPA is concerned about the impact surface features may 



have on underlying groundwater and performance of the groundwater remedy.  Specifically, it is 



unclear whether infiltration from unlined Stormwater Detention Pond 3 has been factored into 



the groundwater remedy design.  Unless FMC can demonstrate this will not negatively impact 



the groundwater remedy, EPA will require that Pond 3 be lined prior to being brought into 



service.   



 



Comment 3: Building Foundation (Cap) Integrity.   



 



a. FMC responds that gas monitoring in buildings is not necessary based on previous 



monitoring for phosphine.  However, previous outdoor monitoring efforts and gas 



emissions analyses have not addressed the potential for hazardous gas buildup within 



newly constructed enclosed structures located on top of the site.  Provisions must be 











included for monitoring interiors of buildings at RA-G North (once completed) until it is 



demonstrated that they are safe and will remain so.  



 



b. In their response to this comment, FMC states that “other than the ore/soil fill within the 



former stacker/reclaimer trenches, native soil is now exposed at the surface of the 



majority of the area of RA-G North.”  This statement draws into question whether it 



would be beneficial to remove fill from the trenches, such that placement of a gamma cap 



(and long-term maintenance of that cap) would not be needed at RA-G North.  However, 



a review of the May 2009 Supplemental Remedial Investigation report (pages 4-32 and 4-



33) indicated that remediation unit (RU) 7 – as this area was originally identified – had 



been built up from its original grade, likely due to ore stockpiling and material handling 



throughout this area and not just within the two parallel trenches.  Page 4-35 states that 



the native soil interface ranges between 2 and 25 feet below ground surface (bgs).  



Although the Remedial Design Report calls for grading of the surface at RA-G North, it 



was never anticipated that this excavation would extend to 25 feet bgs.  Furthermore, the 



depth of the trenches is believed to be only 10 feet below the surrounding ground surface 



(page 4-38).   



 



In order for FMC to avoid gas monitoring, justification regarding the statement that 



native soil (not native soil mixed with slag) is now observed at the ground surface 



throughout the RA-G North area, except where the two trenches are located would need 



to be provided for EPA approval.  FMC would need to also provide justification for the 



contention that the ore/soil fill is limited to the area within the two trenches.  Specifically, 



up-to-date USC P4 mapping would need to be enhanced to clarify whether each event 



within RA-G occurred within the former trenches.  Finally, based on the resolution of 



these issues, FMC would then need to remove the trenched material to obviate concerns 



over capping, maintenance, and gas monitoring during and after redevelopment. 



 



Comment 4: Gas Monitoring Plan.  It is a well-established principle in environmental and 



occupational monitoring that it is not always sufficient to argue that hazardous exposures are 



projected to be acceptable.  Exposures must often be demonstrated to be acceptable.  Grading, 



construction, and capping will alter the physical nature of the site and potentially influence 



transport and accumulation of any hazardous gases.  In the same way that final status surveys are 



necessary to demonstrate that gamma emissions are at acceptable levels, so a gas monitoring 



plan is necessary to demonstrate that, after completion of remedial action construction, gas levels 



are acceptable. 



 



Furthermore, gas monitoring requirements in the IRODA are not limited to phosphine.  The 



IRODA requires that FMC “Implement a gas monitoring program at the FMC OU capped 



ponds… and subsurface areas where elemental phosphorus is present to identify potential 



phosphine and other potential gas generation at concentrations that could pose a risk to human 



health.”  Elemental phosphorous was encountered during the grading phase of remedial action 











construction within some areas (e.g. RA-F and RA-G North) areas which are to receive a gamma 



cap instead of an ET cap. 



 



Elements of the gas monitoring plan for the FMC soil remedy must include, but are not limited 



to: 



 



 A conceptual model of gas transport through soil to buildings or the atmosphere, 



including identification of areas where phosphine and other hazardous gases may surface 



after migrating laterally in the subsurface from areas with buried P4. 



 Gas monitoring during excavation and trenching associated with RA-G North 



redevelopment to ensure that the disturbance has not resulted in generation of hazardous 



gases. 



 Monitoring of any newly-constructed indoor workplaces for a minimum of one year, or 



longer if needed to demonstrate that exposures are acceptable. 



 Randomly placed gas monitoring elsewhere across the remediation areas, accounting for 



the fact that buried P4 has been unexpectedly encountered, and may remain present in 



isolated pockets, in areas that will not receive an ET cap as part of the soil remedy.  



 Gas monitoring throughout the first year, preferably on a continuous basis, to account for 



varying atmospheric conditions. 



 



The information provided by FMC regarding exterior gas monitoring to date does not include 



quantitative modeling of potential exposures inside structures yet to be constructed.  The 



guidance document, Assessing Potential Indoor Air Impacts for Superfund Sites (EPA 451-R-92-



002, September 1992), recognizes the potential need for gas monitoring at CERCLA sites.  This 



guidance describes a stepwise approach to assessing indoor air impacts from gases associated 



with CERCLA sites.  The approach starts with modeling of exposure, if necessary, proceeds to 



exterior monitoring and modeling, and then monitoring at the building site if needed to 



determine actual indoor air quality and risks.  At the FMC OU, considering time constraints, it 



may be simpler for FMC to monitor for gases inside the buildings for some time after 



construction, rather than going through the stepwise guidance process with the models and 



methods recommended.  



 



Specific recommendations are made in the above-referenced guidance document (EPA 451-R-



92-002) regarding models to be used, sampling methods, and locations.  For example, the 



guidance recommends that indoor air samples be collected over a period of at least four hours, 



with eight hours being strongly preferred.  Samples should be collected between three and six 



feet above the floor in the occupied area of each story of the building and the basement, and at 



least one foot from any object.  The monitoring should be conducted on several different days 



under conditions that approximate the range of normal meteorological and building operating 



conditions.  Best monitoring conditions exist when indoor temperature is at least 10 degrees 



Fahrenheit higher than outside, and wind speeds are steady and exceed approximately 5 miles 



per hour. 



 











Comment 5: Utility Installation and Maintenance.  The outlined approach involving 



establishment of clean utility corridors is acceptable.  However, the high-level project schedule 



provided as Figure 7.1 of the RAWP (incorrectly referenced as Figure 6.2 in the response) is not 



detailed enough to confirm the timing of trenching and utility installation prior to the 2016 



capping phase in this area.  Updated and detailed schedules must be provided for EPA review.  



Further, it must be clear that all grading, excavation, and capping is remedial action construction 



to be performed by FMC or its contractors.   



 



Comment 6: Remedial Action Access.  In the response to this comment, FMC indicates that the 



construction schedule for RA-G redevelopment has a target completion date in November 2016.  



Because the next capping phase is also anticipated to be complete in November 2016, FMC 



concludes that “there will be no public (including Valley customers) access prior to completion 



of the capping phase.” 



 



This response fails to distinguish between remedial action construction (grading, excavation, 



capping) within RA-G North and subsequent building construction once RA-G North remedial 



action construction is complete.  FMC must describe how people not engaged in remedial action 



construction or oversight will be excluded from RA-G North until remedial action construction is 



accomplished.  Further, FMC must describe how building construction workers and others 



working within RA-G North (once remedial action construction is complete in that location) will 



be excluded from other parts of the FMC OU prior to soil remedy construction completion in 



those areas. 



 



Comment 7: Soil Remedy Effectiveness.   



 



a. The FMC response to the second comment bullet, which consists mostly of describing 



how Valley anticipates using its future facility, is inadequate.  The more intensive land 



use now planned for RA-G North may increase the likelihood of the soil cap being 



compromised by human activity.  In particular, maintaining the required RA-G North 



gamma cap shielding soil thickness (or the equivalent thickness of other material) across 



the proposed roadways, parking lots, and laydown areas may be challenging.  Inspection 



criteria, action triggers, and maintenance response actions must be included in the Final 



PSVP and OMMP which account for more intensive use of the area than previously 



planned. 



 



b. The FMC response to the third comment bullet is inadequate.  The construction details 



for roads, parking, and laydown areas must be clarified.  The October 2015 FMC 



Addendum for RA-G North is confusing and describes the main access road as consisting 



of “14 inches WUA gravel compacted to 90% MDD and/or geotextile overlain by 12 



inches WUA gravel compacted to 90% MDD.”  From this statement, it is not clear 



whether the design is intended as “14 inches gravel AND geotextile with 12 inches 



gravel” or could be interpreted as “EITHER 14 inches gravel OR geotextile with 12 



inches gravel.” Considering the anticipated wear from traffic in this area, the second 











alternative would not be acceptable unless there was an underlying gamma cap layer.  



The RA-G North Remedial Design must clarify that construction of roads, parking, and 



laydown areas will be on top of, in addition to, and not interfering with, any required 



gamma cap.  This intent would appear to be the case from the October 2015 FMC 



Addendum which states that “…all areas within RA-G that are not shown as 



structures/improvements associated with the redevelopment project will receive the 



gamma cap.”  Roads would, therefore, be constructed on top of the gamma cap (or its 



equivalent).   



 



c. The last bullet of this comment, which states that the OM&M Plan must include 



provisions to ensure that stored material will not compromise the integrity of the cap, has 



not been addressed.  The OM&M Plan must include provisions to ensure that stored 



material (vehicles, equipment, product, building materials, etc.) will not compromise the 



integrity of the cap.  Additionally, FMC states that Valley structures (warehouse, scale, 



tank farm, and detention pond) have been excluded from the OM&M Plan.  Those 



structures which serve as gamma caps are FMC’s responsibility to maintain.  The PSVP 



and OM&M Plan must include inspection criteria, action triggers, and maintenance 



response actions for these features. 



 



Comment 8: Groundwater Remedy.  The response to this comment is acceptable.   



 



Comment 9: Contingency Plans for Excavating P4-Contaminated Soils during 



Construction.  The response to this comment is acceptable.   



 



Comment 10: Section 5.0, Schedule.  The high-level project schedule provided as Figure 7.1 of 



the RAWP (incorrectly referenced as Figure 6.2 in the response) is not detailed enough to 



confirm the timing of trenching and utility installation prior to the 2016 capping phase in this 



area.  Updated and detailed schedules must be provided for EPA review. 



 



Comment 11: Correction on Table 2.  The response to this comment is acceptable.   



 



B. Comments on the Soil Remedy Final Remedial Design Report 



 



Note:  Comments 1 and 2 also make reference to previous comments and FMC responses to 



comments. 



 



Comment 1: Section 5.3.2 and related sections, Gamma Cap Design.  The FMC response 



describes the gamma cap design thickness as 14 ± 2 inches. 



 



a. Practical experience and technical guidance indicate that some level of protective cover 



or buffer is necessary to protect the gamma cap from the effects of erosion.  EPA’s 



(Draft) Technical Guidance for RCRA/CERCLA Final Covers (EPA 540-R-04-007, 



OSWER 9283.1-26, April 2004) describes the components of covers as well as cover 











design.  Pages 1-20 to 1-22, in particular, address the top “Surface Layer,” as well as the 



underlying “Protection Layer”.  FMC’s proposed “average 14 ± 2 inches” cap thickness 



meets this objective.  However, EPA believes that the small 2-inch buffer afforded by the 



proposed cap will necessitate very aggressive OM&M efforts that go beyond those 



currently proposed.  



For comparison, the ET cap design incorporates a 6-inch buffer layer, along with a 2-inch 



trigger for erosion loss.  Repairs are, therefore, triggered well before the functional 



aspects of the cap are compromised.  Because the proposed gamma cap design only 



incorporates a 2-inch buffer, more robust OM&M criteria must be applied to ensure 



continued cap integrity.  In order to receive EPA approval, FMC must incorporate one of 



two acceptable alternatives: 



 



(1) Enhanced OM&M: FMC must inspect the gamma caps quarterly, rather than 



annually as specified for the ET caps.  Further, monitoring will need to occur on 



sloped areas after significant rainfall until vegetation sufficient to largely inhibit 



erosion has become established.  



 



(2) Enhanced Cap Design with Less Robust OM&M: FMC must enhance the 



gamma cap design to include sufficient buffer thickness to be consistent with the 



ET cap.  On this basis, the comparable total gamma cap thickness should be 



“average 12 ± 2 inches” plus an approximate 6-inch buffer for a total gamma cap 



thickness averaging about 18 inches ± 2 inches.  Less frequent inspections might 



then be appropriate in the long-term.  



 



b. Regardless of the option selected, FMC must clarify the means by which cap thickness 



will be effectively measured.  The OM&M Plan describes a gamma cap soil depth 



measurement method that differs significantly from those for ET caps.  Section 3.2.1.1 of 



the Plan indicates that gamma cap soil depth measurements will be made by advancing a 



3/8-inch rebar through the gamma cap surface to the top of the underlying slag.  It is not 



clear whether this seemingly subjective method can accurately distinguish between a cap 



thickness which has lost two inches of buffer and one which has not.  Alternatives such 



as the use of topsoil depth indicators (as used on ET caps) or other methods, such as 



coring must be considered.  There are obvious advantages to having consistent cover 



depth monitoring methods for both ET and gamma caps. 



 



c. Plans for soil depth measurements on gamma caps must provide for a density of 



measurements that is at least consistent with the MARSSIM-based density used for 



gamma survey measurements.  If FMC does not want to replicate the MARSSIM-based 



measurement density for soil cap thickness then a rationale for an alternative approach 



must be presented that will provide assurance depth criteria will be met consistently and 



uniformly. 



 











d. The term “acceptable cap conditions” used by FMC on page 16 of the response, must be 



defined in the OM&M Plan.  Use of such a vague term is open to interpretation by 



differing entities and field personnel and is, therefore, unacceptable. 



 



Comment 2: Section 4.2.1 and related sections, Site-Wide Grading Design Criteria.  Over 



the past few months, FMC verbally indicated that there would be no areas with slopes greater 



than 4H:1V.  As a result, text in the RDR, RAWP, and supporting documents was edited to 



eliminate references to erosion control blankets that would have been placed in such areas.   



 



EPA understands that physical constraints in limited areas (as discussed in FMC’s September 30, 



2015 letter) are unavoidable.  Accordingly, the maximum slope will be exceeded, and erosion 



control blankets will be placed on top the cap, in the following areas: 



 



 RA-F3 (1 area): an existing Idaho power pole located at the toe of the slope where burial 



of the base of the pole is not acceptable; 



 RA-K (1 area): in order to maintain grade at the existing paved surface at the top of the 



RA-K slope and have sufficient width at the toe of slope to construct the stormwater 



channel within FMC’s property; 



 RA-C (3 areas): two very small areas surrounding RCRA Phase IV pond post-closure 



monitoring systems that cannot be removed or relocated, and the third small area due to a 



lattice power tower at the toe of slope where partial burial is not acceptable; 



 RA-G: the northern-most extension of the north slope of RA-G (South 2) is slightly 



steeper than 4:1 to preserve the access road between RA-G South 1 and South 2 that will 



continue to be needed for groundwater monitoring and post-remedial action monitoring 



and maintenance. 



 



Although Section 5.3.5 of the RDR addresses placement of erosion control blankets on gamma 



cap slopes approaching 4H:1V, the RDR must also note that such erosion control measures will 



be needed for the ET cap locations noted above.  The RAWP and Specification 02270 for 



Erosion Control Blankets must specifically identify these areas as requiring erosion control 



matting due to steeper than anticipated slopes.   



 



Comment 3: Page 2-7.  Revise the last paragraph to: acknowledge P4 contaminated debris was 



encountered in RAs not previously identified as containing elemental phosphorous; describe 



other gases which can be generated; and refer to the gas monitoring program requirement of the 



soil remedy found on page 69 of the IRODA.   



 



Comment 4: Table 2.2.  This summary table of soil remediation areas and fill/source materials 



appears to be reproduced from an earlier document.  If so, the document must be cited and 



referenced.  Several of the boxes state that the RA “does not contain any identified or potential 



sources of COC releases to groundwater” yet include material which, it would appear, could be a 



potential source of groundwater contamination given sufficient leaching. Modify those boxes to 



clarify that no identified sources have been found, and briefly explain why the potential is 



considered to be low for contaminants to affect groundwater quality.   











 



Comment 5: Section 2.3.2, Nature and Extent of Groundwater Contamination and Surface 



Water Contamination.  This section does not appear to be necessary for the soil remedy RDR.  



If retained then additional contextual information must be provided.  This additional contextual 



information includes describing the source control function of the ET caps, the IRODA 



requirement to restore groundwater quality in addition to preventing of-site migration of 



contaminants, and the ongoing groundwater extraction and treatment system design. 



 



Comment 6: Section 2.4, Interim Record of Decision Amendment.  Modify the first 



paragraph to include the groundwater restoration aspect of the P&T system 



 



Comment 7: Section 2.4.1, Remedial Action Objectives for Site Soils.     List all seven of the 



IRODA RAOs (six are listed), and briefly describe how the soil remedy will address risks now 



posed either directly by soil quality or indirectly through percolation of contaminants to 



groundwater. 



 



Comment 8: Section 2.4.2. Selected Remedy Summary for Site Soils.  Add a paragraph which 



explains that each of the two types of soil caps have an effective layer needed to meet the RAOs, 



and additional soil or other cover material to ensure no loss of soil cap performance over time. 



 



Comment 9: Section 3.1.3, Gamma Caps.  Clarify that Section 3.3.3 describes work conducted 



to determine the thickness of the shielding layer, using WUA soil, needed for gamma cap design.  



For the descriptions of RA-F and RA-G point out that elemental phosphorous was encountered 



during grading phase remedial action construction. 



 



Comment 10: Section 3.2.1, Institutional Controls Program.  Revise the third bullet to 



include gamma caps whether in areas where elemental phosphorous debris has been encountered 



(e.g. RA-F and RA-G) or not.  Gamma cap integrity needs to be maintained just as ET cap 



integrity though for different reasons. 



 



Comment 11: Section 3.2.2, Gas Monitoring Program.  Modify the first paragraph to include 



RAs where elemental phosphorous debris was encountered during the grading phase of remedial 



action construction.  Modify the objectives to include potential risks to humans, especially in 



buildings. 



 



Comment 12: Section 4.1, Site Clearance and Integration of RCRA Monitoring Systems.  



Page 4-2 correctly notes that the 13 CERCLA monitoring wells that were abandoned are not 



included in the Interim CERCLA Groundwater Monitoring Plan of 2010.  These wells were 



abandoned by FMC with the understanding that new monitoring wells in these locations, and 



other locations too, might be needed.  Briefly explain that FMC elected to remove those 



monitoring wells with the awareness that replacement monitoring wells might be needed in those 



locations. 



 











Comment 13: Section 5.3.3, Soil Loss Calculations.  The second paragraph suggests that 



adding a few inches of soil to the gamma cap to serve as a thicker than two-inch erosional buffer 



would use too much soil from the borrow pit.  Information to demonstrate this assertion is not 



included.  And it appears inconsistent with Section 5.4 of the RDR which suggests that about one 



million cubic yards of WUA silt would be available beyond that needed for the current soil cap 



design.  Replace this paragraph to either describe how the gamma cap buffer thickness has been 



increased or to describe how a robust O&M plan to prevent/repair nearly all gamma cap soil 



erosion has instead been proposed.  This can include a cost/benefit analysis if helpful. 



 



Comment 14: Table on Page 5-13, Utilities.  Replace the warehouse septic system entry with a 



connection to the Pocatello sewer system consistent with a recent decision by FMC to make that 



change. 



 



Comment 15: Section 5.6.2, Integration with the RA-G North Soil Remedial Action. The 



second paragraph includes only one of the RAOs for groundwater as applicable to RA-G North.  



Modify to explain that groundwater beneath RA-G North is contaminated, will need to be 



restored, the anticipated groundwater remedial design will include extraction wells and 



monitoring wells within RAG-North, and FMC will need to ensure future use of RA-G does not 



adversely affect the groundwater RD/RA or other response actions.  



 



Comment 16: Section 5.8, Site Access and Security.  This section must be augmented to 



describe what part of the FMC OU is the exclusion zone, how FMC will prevent access to those 



not performing or supervising remedial action construction work, where decontamination 



stations are to be located, and other site access and security measures that apply to hazardous 



waste site cleanups under CERCLA.  



 



Comment 17: Section 8.0, Schedule for RD and RA.  A)  Modify projected dates to account 



for resubmittal of the soil remedy final RD package and RAWP.  B) Identify in the project 



schedule when RA-G North redevelopment area remedial action construction is anticipated to be 



verified as complete, which then will allow other construction contractors to begin their work.   



 



Comments 18- 21 Construction Drawings, Appendix H  



 



18. Construction drawings were reviewed for earthwork components.  It was noted that the 



construction drawings do not address all proposed Valley redevelopment features.  For example, 



the drawings do not appear to include cross-sections of the proposed utility trenches, the truck 



scale excavation, roadways, parking, and laydown areas.  Cross-sections are provided for the 



tank farm and the railroad load-out area, but do not show subbase and aggregate excavation and 



fill requirements in detail.   Engineering drawings must be provided to guide excavation and 



backfilling of each of these areas, in accordance with details from Section 2.2 of the CCP.  



 



 



 











Drawing 4, Utility Plan 



 



19. As discussed in other comments, FMC’s proposal to establish clean utility corridors, and 



thereby prevent future potential exposures to contaminated soil, is acceptable.  Section 2.2 of the 



CCP presents plans for excavation and installation of water lines, sewer lines, and electric power 



feed lines.  However, this drawing also shows three liquid fertilizer lines running from the tank 



farm toward the main plant area.  Given that this line crosses the main access point to the Valley 



facility, it appear that the lines will be located underground.  The CCP must be expanded to 



confirm whether these product lines will be situated below ground and, if so, to require 



excavation and clean backfilling of a trench for these lines.  Looking ahead, FMC will need to 



describe in the groundwater remedy how the integrity of liquid fertilizer lines will be maintained 



to prevent discharges to groundwater.  



 



Drawing S6, Structural Fill Under Footings 



 



20. The August 7, 2015 Geotechnical Engineering Report Addendum #1 by Materials 



Testing and Inspection (RDR, Appendix H, page 2 of 7) contains an apparent inconsistency.  As 



shown on Drawing S6 (insets 1b, 2, and 3), borrow material will be placed under footings in such 



a manner that there is a 12-inch layer of compacted fill between the uppermost layer of geogrid 



and the base of the footing.  This is consistent with construction descriptions in the table on page 



2 of the Geotechnical Engineering Report (Addendum #1).  However, the text immediately 



preceding the table calls for only six inches of compacted fill atop the uppermost layer of 



geogrid.  Revise the plans and drawings as appropriate for consistency on this issue. 



 



21. The June 23, 2015 Geotechnical Engineering Report from Materials Testing and 



Inspection (RDR Appendix H, page 15 of 27) requires that areas of compacted backfill extend 



beyond the perimeter of the footings for a distance equal to the thickness of fill between the 



bottom of foundation and underlying soils, or 5 feet, whichever is less.  A review of the inset 



diagrams on Drawing S6 suggests that FMC and Valley are overlooking this mandate.  



Regardless of fill thickness, the footings appear to be within a foot of the area of compacted 



backfill.  Revise the drawing to ensure that the footings will be adequately supported by a 



sufficiently broad area of compacted fill (and geogrid, where appropriate).  



 



C. Comments on the Performance Standards Verification Plan (PSVP) 



 



Comment 1: Gamma Cap Thickness.  See Comment B.1 above, on the Remedial Design 



Report, which describes how FMC must either propose a layer of soil to act as an erosional 



buffer to protect the gamma cap shielding layer or propose a much more robust   O&M plan.  



Requirements for a more robust O&M approach include, but are not limited to, more frequent 



soil depth measurements, a higher density of soil depth measurements, and demonstrably reliable 



means to measure soil depth at each location.   The PSVP text, tables, and figures must be 



modified as needed in response to this and other comments about gamma cap thickness, 



maintenance, and post-construction evaluation of protectiveness 











 



Comment 2: Gas Monitoring Plan.  See Comment A.4 and B.11 above, which focus on the 



scope, objectives, and elements of a gas monitoring plan in all areas where buried P4 waste 



material has been encountered.  The PSVP must also be modified consistent with these 



comments. 



 



Comment 3:  Section 3.1.1.3, First Bullet. Remove the quotation marks from the words 



random, sampling, and plant density. Provide the number of transects to be walked or a reference 



to where this number is documented. 



 



Comment 4:  Section 3.1.2.1, Performance Metrics for Phosphine Monitoring of ET Caps.   



 



a)  A single semi-annual measurement whether within the capillary break of ET caps or 



beneath gamma caps may be too limited since gas measurements are subject to changing 



atmospheric pressure.  Further, in areas where people are more likely to be exposed (e.g. 



buildings) to any gases generated there must be a period of more continuous monitoring 



to demonstrate protectiveness.  FMC must propose monitoring frequencies and methods 



which will take changing atmospheric pressure conditions over time into account, and 



which will demonstrate safe conditions where people are most likely to be exposed if 



subsurface gases are generated. 



 



b) The soil gas action level bullet suggests re-sampling within five days to confirm readings 



because of potential interference from motor vehicle exhaust.   This type of interference 



should be avoidable.  If re-sampling is warranted then it must occur promptly since 



atmospheric conditions can change rapidly.   



 



Comment 5: Section 3.4, Site Security Systems.  This section states that the RA-G North 



redevelopment area will not have its own perimeter site-security system.  This section and/or 



subsequent subsections must describe how FMC will ensure that people working or visiting the 



redevelopment area once remedial action is complete within RA-G North will be excluded from 



other parts of the FMC OU during remaining remedial action construction and, to the extent 



necessary, afterwards too. 



 



Comment 6: Section 3.4.1.1, Performance Metrics for Site Security Systems.  These metrics 



appear to assume current conditions where only FMC employees, contractors, and regulatory 



agency staff tend to be on site.  These metrics must be augmented to account for anticipated site 



conditions after the RA-G North remedial action construction has been completed. 



 



Comment 7: Section 5.0, References.  The first reference is to a memo submitted to EPA which 



has not been approved.  Remove this reference as it could suggest EPA agreement or acceptance.  



EPA does not agree with the memo and, in fact, has requested that FMC dispose of excavated P4 



waste differently than recommended in the memo. 



 











Comment 8: Tables 1 through 5.  The tables must be modified to be consistent with revisions 



to the text in response to EPA comments. 



 



Comment 9: Figure 4.  Modify as needed in response to previous comments on the Gas 



Monitoring Plan. 



 



Comment 10:  Figure 5.  Add a companion figure which illustrates a gas probe in gamma cap 



soil.  Also, schematically illustrate how gas concentrations will be measured beneath and/or 



within buildings. 



 



 



D. Comments on the Operation, Maintenance, and Monitoring Plan 



 



Comment 1: Gamma Cap Thickness.  See Comment B.1 above, on the Remedial Design 



Report, which describes how FMC must either propose a layer of soil to act as an erosional 



buffer to protect the gamma cap shielding layer or propose a much more robust OM&M plan.  



Requirements for a more robust O&M approach include, but are not limited to, more frequent 



soil depth measurements, a higher density of soil depth measurements, and demonstrably reliable 



means to measure soil depth at each location.   The OM&M Plan text, tables, and figures must be 



modified in response to this and other comments about gamma cap thickness, maintenance, and 



post-construction evaluation of protectiveness. 



 



Comment 2: Gas Monitoring Program.  See Comment A.4 and B.11 above, which focus on 



the scope, objectives, and elements of a gas monitoring plan in all areas where buried P4 waste 



material has been encountered.  The OM&M Plan must be modified consistent with these 



comments. 



 



Comment 3: Site Security.   Section 3.4 and subsections appear to have been developed without 



consideration of the RA-G North redevelopment.  The OM&M Plan must describe how FMC 



will ensure that people within  the redevelopment area once remedial action is complete within 



RA-G North will be excluded from other parts of the FMC OU during remaining remedial action 



construction and, to the extent necessary, afterwards too. 



 



Comment 4: Stored Materials at RA-G North.  The OM&M Plan must include provisions to 



ensure that stored material (vehicles, equipment, product, building materials, etc.) will not 



compromise the integrity of the cap.  



 



Comment 5: Tables 1.1 and 1.2; row 2 (Relevant Deadlines), column 4 (Topsoil Depth 



Monitoring).  Delete “(provided soil depth gauges are accessible).”  As discussed in Comment 



B.1 above, topsoil depth monitoring should be conducted at least quarterly unless FMC develops 



a gamma cap design with a thicker top soil buffer. Any gauges that are not accessible during the 



planned monitoring event must be checked as soon as they become accessible.  



 











Comment 6: Tables 1.1, 1.2, and 1.3; row 3 (Principal Study Question), column 4 (Topsoil 



Depth Monitoring).  The wording of the question/statement is confusing and the mechanism of 



soil loss is irrelevant.  A more accurate question is “Is the topsoil depth maintained between ‘X’ 



and ‘X’ inches?”  



 



Comment 7: Tables 1.1, 1.2, and 1.3; row 4 (Alternative Actions), column 4 (Topsoil Depth 



Monitoring).  The current text leads the reader to believe the adequacy of the cap is a foregone 



conclusion, regardless of topsoil thickness.  The evaluation of topsoil loss must be used to 



determine if the cap thickness is adequate.  Reword this statement accordingly.  



 



Comment 8:  Figures 3-12 and 3-13.  Consistent with comment #1 on the OM&M Plan, the 



proposed gamma cap soil thickness sampling density of one sample per four acres is too scant. 



The sample density shown in Figures 6, 7, and 8 of the PSVP for post-construction gamma 



emission testing is also acceptable for OM&M Plan soil cap thickness testing.  If FMC does not 



want to replicate the MARSSIM-based measurement density for soil cap thickness then a 



rationale for an alternative approach must be presented which will provide assurance that depth 



criteria will be met consistently and uniformly. 



 



 



E. Comments on the Soil Remedy Remedial Action Work Plan 



 



Comment 1: Section 3.1, Site Access.  A) This section must be augmented to describe what part 



of the FMC OU is the exclusion zone, how FMC will prevent access to those not performing or 



supervising remedial action construction work, where decontamination stations are to be located, 



and other site access and security measures that apply to hazardous waste site cleanups under 



CERCLA. 



 



B) In light of the planned commercial construction work within part of RA-G North shortly after 



soil remedial action construction is verified as complete in that area, FMC must describe how 



people not engaged in remedial action construction or oversight will be excluded from RA-G 



North until remedial action construction is accomplished and, further, how people within RA-G 



North (once remedial action construction is complete in that location) will be excluded from 



other parts of the FMC OU prior to soil remedy construction completion in those remaining 



areas. 



 



Comment 2: Section 5.4 Dust Control and Air Monitoring Plan.  Briefly describe how the 



DCAMP will be implemented when grading within RA-G North to prepare for capping and 



building foundations as that aspect of remedial action construction had not been anticipated in 



March 2015 when the DCAMP was revised. 



 



Comment 3: Section 7, RD/RA Soil Remedy RD/RA Schedule.  A)  Remove boldface from all 



dates which are projections.  B)  Modify projected dates to show an anticipated resubmittal date 



for the soil remedy final RD package and RAWP and corresponding revisions. C)  Identify in the 











project schedule when RA-G North redevelopment area remedial action construction will be 



verified as complete, which then will allow other construction contractors to begin their work.   



 



 



F. Comments on the Contractor Construction Plan (CCP) 



 



Section 1.0, Introduction 



 



1. Clarify in the first sentence that this plan is for remedial action construction work. The plan 



currently reads more like a general construction plan.  



 



Section 1.2, Project Description 



 



2. Clarify that this remedial action construction work is to implement the soil remedy at RA-G 



north, and describe briefly how construction of the Valley Agronomics facility will occur after 



remedial action construction has been completed in RA-G north.   



 



Section 2.0, Scope of Work 



 



3. Correct the spelling on Western Undeveloped Area in the third bullet. 



 



4. Clarify in the mobilization section that CBI will ensure all people on site have received 



required health and safety training. 



 



Section 2.1, Earthwork 



 



5. Clarify that CBI will be performing all earthwork within the RA-G north redevelopment, to 



complete remedial action construction, prior to subsequent Valley Agronomics construction 



work.  



 



Section 2.1.1, Excavate and Transport Soil from RA-G North, page 6 



 



6. The plans indicate that material excavated from RA-G North will be moved to RA-A or RA-F 



prior to placement of gamma caps over those areas.  The plans must estimate the volume of 



material to be excavated to accommodate each Valley feature, building on the dimensions 



provided in Section 2.2 of the CCP.  FMC must then provide documentation confirming that RA-



A and RA-F have sufficient capacity to accept the total volume of excavated materials without 



requiring cap redesign.   



 



Section 2.1.2, Excavate and Transport of Soil and Cobble, page 6 



 



7.  This section indicates that one crew will be tasked with excavating, loading, and transporting 



soil and cobble material from the Western Undeveloped Area (WUA) to RA-G North for grading 











and backfilling.  This section must be expanded to indicate whether the excavated material will 



requiring any testing, sorting, or crushing prior to use.  Specific details of those actions will need 



to be included in the plans, and FMC must document that the cobble and gravel material 



proposed for use is consistent with aggregate base and bedding materials evaluated by FMC 



during the gamma emission rate measurement study in December 2015.   



 



Section 2.2, Valley Agronomics Distribution Facility Earthwork Construction Activities, pages 6 



through 8 



 



8. Several components of the redevelopment project to be constructed subsequent to completion 



of remedial action construction within RA-G will be conducted by other contractors.  FMC must 



ensure that only remedial action contractors are permitted access to the redevelopment site until 



the soil remedy at RA-G North has been fully installed and its performance successfully verified. 



Additionally, FMC must ensure that institutional controls protect the soil remedy from 



excavation once constructed.  



 



9. Rewrite the two paragraph in the center of page 7 to remove reference to an on-site sewage 



system, and replace with language that describes the sewer lines needed to connect to the 



Pocatello POTW.   



 



10. The discussion on page 8 details differing capping construction details for the access 



roadways and parking/laydown areas.  This section of the CCP indicates that the access road will 



receive 14 inches of cobble and a layer of geotextile, whereas the parking and laydown areas will 



receive only 12 inches of cobble (without geotextile).  As indicated with regard to this same 



issue in the October 2015 FMC Addendum for RA-G, the design must clarify that construction 



of roads, parking, and laydown areas will be on top of, in addition to, and not interfering with, 



the required gamma cap.  Considering the anticipated wear from traffic in this area, the design 



specifications noted above are inadequate.  



 



Section 3.2, Dust Suppression, page 8 



 



11. This section of the CCP outlines dust suppression activities to be used during earthwork 



activities associated with the Valley redevelopment project.  These procedures rely on (1) 



application of water to roadways and active excavation areas to mitigate visible dust, and (2) 



maintenance of established speed limits on haul roads. This is consistent with Dust Control and 



Air Monitoring Plan which also calls for the use of tacking material if necessary.  State clearly 



that the DCAMP applies to this aspect of remedial action construction. 



 



Section 4.0, Valley Agronomics Distribution Facility Earthwork Construction Activities, pages 6 



through 8 



 



12. This section discusses decontamination of equipment and tools via scraping and pressure 



washing.  The text indicates that rinse water will remain on site.  Additional details must be 











provided as to where decontamination will occur and how rinse water will be managed and 



disposed.  The decontamination area must also be shown on a map. 



 



Remedial Action Construction Schedule 



 



13. The construction schedule mixes remedial action construction work and subsequent building 



construction.  A schedule must be submitted which clearly delineates the remedial action 



construction tasks and duration, when remedial action construction will be verified as complete, 



and when subsequent construction work will begin. 



  



G. Comments on the Contractor Construction Quality Assurance/Quality Control Plan 



(CQA/QCP)  



 



1. The introduction must state that this plan is to implement remedial action construction for 



FMC to implement the soil remedy approved Remedial Design. 



 



2. The introduction must clearly explain that Valley is a third-party proponent of the RA-G 



North redevelopment project.  Operational plans are secondary to implementation of the 



FMC OU soil remedy to be implemented in 2016, and the groundwater remedy currently 



in the design phase. 



 



3. The introduction must clarify that remedial action construction within RA-G is to be 



verified as complete prior to subsequent Valley Agronomics construction work. 



   



4. The plan must state that all nonconformance issues will be elevated to the attention of 



FMC and the Parsons Construction Manager since this is remedial action construction 



performed by FMC.  This particularly applies to Section 7.1.5 



 



5. According to text on page 1-1, the CQA/QCP will be used to ensure that minimum 



thickness requirements are met with respect to the storm water retention pond, building 



subbase soils and aggregate, detention cover soils, and scale subbase aggregate.  The plan 



must also be used to confirm adequate thickness of the tank farm aggregate. 



 



6. According to the text on page 1-2, procedures and criteria in the PSVP will be used to 



demonstrate gamma cap equivalency in terms of radiation exposures.  However, the 



PSVP was originally designed to address relatively uniform capped areas, unlike features 



anticipated for the RA-G North redevelopment.  FMC must either: (1) expand Section 



3.2.1.1 of the PSVP to clarify how it intends to perform final status surveys in RA-G 



North areas where construction takes place, or (2) provide specialized survey procedures 



in the CQA/QCP for each of the proposed Valley facility features.  Furthermore, because 



the proposed aggregate base corresponds to the gamma cap’s primary shielding layer 



beneath proposed RA-G structures, this layer must be shown to provide adequate 



protection from gamma exposures.  











 



7. Section 1.2, Purpose, must clarify in the first sentence that this is remedial action 



construction work and reference the soil remedy Remedial Design and RAWP (not the 



RD Work Plan) in the last sentence of the first paragraph. 



 



8. The last paragraph of Section 1.2 must explain how FMC will ensure QC inspections 



performed by a contractor to Valley will meet remedial action construction requirements 



which are FMC’s responsibility. 



 



9. Section 2.1.1 must state that CBI is responsible for implementing the EPA approved final 



Remedial Design for RA-G on behalf of FMC.  This section currently suggests that CBI 



is primarily working for Valley Agronomics. 



 



10. Section 2.1.5 must primarily describe how FMC will ensure the soil remedy is 



constructed as approved by EPA.  Any need to request revision to the Remedial Design 



during remedial action construction be presented to EPA for review and approval. 



Likewise, FMC’s Remedial Design engineer is responsible for affirming that the soil 



remedy in RA-G has been constructed per the EPA approved RD. 



 



11. Revise Section 2.2.1 to state that the Remedial Action Pre-Construction meeting will 



include EPA, and an invitation extended to the Shoshone-Bannock Tribes and Idaho 



Department of Environmental Quality at least ten (10) days in advance of the meeting. 



 



12. As stated in Section 5.1 (page 5-1), CB&I will conduct earthworks associated with 



redevelopment of RA-G North.  However, above-ground construction of facility features 



will be performed by other contractors under the direction of Valley.  For protection of 



human health and the environment, FMC must ensure that only remedial action 



contractors (CB&I) have access to the site until the soil remedy has been fully installed at 



RA-G North and its performance has been successfully verified.  Access must also be 



limited to ensure that general construction contractors do not enter into other areas of the 



OU as they are undergoing remedial action construction. 



   



13. Modify the bullet in Section 5.1 to exclude an on-site sewage system and include a sewer 



line to connect to the Pocatello POTW. 



 



14. Expand Section 6.1.2 to specify that, in accordance with the June 23, 2015 Geotechnical 



Engineering Report from Materials Testing and Inspection (RDR Appendix H), fill 



material will be moisture conditioned to achieve optimum moisture content prior to 



compaction. 



 



15. Include a table in Section 6.1.2 which corresponds to the text and shows fill type, number 



of lifts, maximum loose thickness of each lift, compaction requirements, QC testing 



requirements, and required total minimum completed thickness of each fill type. 











 



16. Revise the bullets on page 6-2 to refer to Table 6.1 for fill material compaction testing, 



test methods, and frequencies. 



 



17. The contractor construction plans do not include an estimate of the volume of borrow soil 



that will be needed to complete redevelopment earthworks.  However, several of the tests 



frequencies are specified as a function of borrow soil volume.  Thus, it is possible that 



physical characteristics of the entire volume of borrow soil could be based on analytical 



results of one sample.  At least two samples are recommended for each testing parameter 



to allow for comparison and a rough evaluation of the likely accuracy of the data.  Revise 



the CQA/QCP accordingly. 



 



18. Modify Table 6.1 to include in-placement testing frequency for under footings, 



foundations and other structures on the site if they are part of the soil remedy.  



  



19. Section 7.1.2 This section must be expanded to indicate the daily reports will also specify 



locations and volumes of soil excavated from the RA-G North redevelopment area; the 



disposition of that material in either RA-A or RA-F; the location and approximate 



volume of P4 discoveries, and response actions taken.  These items must also be included 



in the weekly progress reports that will be provided to the Parsons Construction Manager 



as described in Section 7.1.6. 



 



20. Section 7.1.3.1 describes four inspection phases:  preparatory, initial, follow-up, and final 



for the remedial action construction work.  Correct the section heading and text 



accordingly.  



 



21. The inspection process described in Section 7.3.1 includes a preparatory inspection 



before work begins, initial and follow-up inspections as earthwork proceeds, and a final 



inspection when each definable feature of work has been completed.  These final 



inspections will confirm that all established QC criteria have been documented with test 



results, sampling data, photographs, and so on.  This approach is generally acceptable.  



However, the plan is unclear as to how the timing of these inspections will correspond to 



installation of below ground structures by third parties (e.g., liners, utility lines) and 



confirmation testing specified in the PSVP (e.g., final status surveys) to ensure adequate 



cap thickness and gamma radiation shielding.  The redevelopment earthwork is remedial 



action construction and will not be considered complete (and ready for above-ground 



construction to commence) until FMC documents achievement of soil remedy RAOs for 



this area. PSVP confirmation must occur prior to final inspection and submittal of a final 



earthworks construction report. Modify this section to explain how the timing of these 



inspections corresponds to confirming remedial action to be complete within RA-G and 



subsequent construction work by other parties.  



 



 












 
We are in the process of adding funding for Akana for work in Option Period 3 and we’re getting
 ready to ramp up for field work in late February 2016.  I was hoping that, once the funding is
 situated and the paperwork has been signed, you could take a look at the attached contractor
 construction plans for redevelopment of the RA-G North area.  I have reviewed the document and
 have comments, but I’d also appreciate your perspectives.
 
Please let me know if you have any questions or concerns.   I will let you know when I receive the go
 ahead for you to proceed.
 
Thanks much!
 
Michele Benchouk
Booz Allen Hamilton
215-393-1233
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Attached are the ANL final report appendices.  The report itself was sent a few minutes ago.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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APPENDIX G: ARGONNE’S RESPONSE TO COMMENTS RECEIVED FROM 



SHOSHONE-BANNOCK TRIBES 



 
 



Appendix G contains the response to the comments received on October 20, 2015, from 
Shoshone-Bannock Tribes on the Draft Report: Independent Review of Elemental Phosphorus 
Remediation at the Eastern Michaud Flats FMC Operable Unit near Pocatello, Idaho, 
September 2015. Note that page and line numbers referenced in this appendix refer to an earlier 
draft of this document. Italicized text indicates changes that were made in response to the 
comments received from the Tribes. 
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SBT 



Comment 
Number Tribes’ Comment Response by Argonne Review Team 



1 ANL prepared this report 
pursuant to an EPA 
Statement of Work (SOW) 
which did not request that 
ANL provide any analyses 
of costs. Instead, ANL was 
directed to review 
excavation and treatment 
technologies (ETTs) from a 
technology (science and 
engineering) perspective. 
The Shoshone-Bannock 
Tribes (Tribes) find it to be 
a major problem with the 
report that, contrary to the 
SOW, the costs of 
implementing ETTs are 
mentioned throughout the 
report. All of these 
references to costs should 
be deleted. 



The Tribes and the U.S. Environmental Protection Agency (EPA) agreed to the inclusion of cost in 
the content of “Limitations” for the review parameters. In drafting the report, Argonne provided very 
broad estimates of the cost of each ETT. Argonne did not analyze costs in any detail. Argonne 
believes that the report is in compliance with the SOW, as a cost “analysis” was not conducted. 
Argonne believes that it is necessary that costs be considered in determining whether to go forward 
with any of the ETTs. Hence, Argonne believes that the very broad discussion of cost provided in 
the Draft report should be carried forward into the Final report. If and when EPA determines to go 
forward with any of the ETTs, a very detailed analysis of cost will be an important part of the 
decision-making process.  



2 In the beginning of the 
report, there is only a brief 
discussion related to 
chemical and physical 
parameters that could affect 
the success or failure of an 
ETT. These factors should 
be reviewed more 
thoroughly, not only for 
their effects on 



Agreed, the document will be modified. The following will be inserted on Pg. 7, Line 37: 
 
White phosphorus is acutely toxic and poisonous, with a fatal dose for humans around 
50 mg. White phosphorus will spontaneously ignite in air at temperatures greater than 30oC 
(86°F); therefore, in addition to keeping P4 under water whenever possible, another 
generally applicable safety precaution is to work with P4 only under cold conditions 
(Rivera et al. 1996). The physical and chemical properties of P4 that could affect the ETTs 
discussed below include its melting point of 44°C, its densities of 1.828 g/cm3 (solid) and 



1.745 g/cm3 (liquid at 44.5°C), its vapor pressures of 3.4E-5 atm at 20°C and 1.0E-3 atm at 
76.6°C, and its solubility of approximately 4 mg/L at 25°C in water (Rivera et al. 1996). 
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Comment 
Number Tribes’ Comment Response by Argonne Review Team 



remediation, but also for 
their possible effects on 
worker and community 
safety and health. For 
example, as stated by the 
Tribes at the September 
2015 meeting, the effect of 
cold temperatures during 
ETT use, such as reducing 
phosphine gas formation 
and/or lowering exposure 
(and therefore risk), should 
be reviewed in the 
document. 



 
Oxidation of P4 results in a number of different gaseous phosphorus species, the most 
abundant of which is P2O5 (Rivera et al. 1996). When exposed to water or humid air, P2O5 
is converted to phosphoric acid. This process can occur within human lungs after inhalation 
of P2O5, thus causing severe irritation. White phosphorus reacts to form phosphine gas 
(PH3) in moist, anoxic environments such as subsurface sediments and soils. The rate of 
this reaction increases dramatically with increasing pH (above 7) (Rivera et al. 1996). 
Phosphine gas is flammable and highly toxic with an auto-ignition temperature of 38°C and 
an LD50 (median dose) of 3 mg/kg. As with the oxidation/ignition hazard, the risk of PH3 
production can be mitigated by working with P4 at low temperatures (at least below 30°C) 
(Rivera et al. 1996). 
 
In addition to the acute inhalation hazard and dermal hazards associated with skin contact, 
chronic poisoning due to long-term exposure to P4-related vapors and gases poses 
significant risks that need to be accounted for in assessing site worker safety. Chronic 
exposure to P4 vapors and associated gases can cause necrosis of the jaw bone (phossy-
jaw) and damage to lungs, eyes, bones, and the gastrointestinal tract (Rivera et al. 1996). 



3 LDR treatment as an ETT 
needs clarification because 
several technologies can be 
used. A more detailed 
discussion of the caustic 
(alkaline) hydrolysis 
treatment should be 
provided as an example or 
should be discussed as its 
own technology rather than 
just being “part” of the 
LDR treatment. One 
question: Are there other 
technologies that could be 



This comment requires no change to the text. It appears that FMC was quite thorough in identifying 
the technology or technologies that could be used to address the land disposal regulation (LDR) 
treatment standards. The commenter is correct in noting that the LDR waste treatment system (WTS) 
is not a single ETT, but rather is a suite of technologies used to treat P4 and other hazardous 
constituents. The technologies associated with the LDR WTS were selected specifically because the 
technologies can meet the LDR requirements; hence, the name “LDR WTS.” The assemblage of 
technologies is described on Pgs. 87 and 88, and the components are summarized in bulleted fashion 
on Pg. 88. The review team specifically acknowledges that the LDR WTS is a process in that it is a 
collection of separate technologies.  
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used in an LDR treatment 
process? It is important to 
denote that the LDR 
treatment is probably more 
of a system or process than 
an ETT because one ETT 
alone most likely will not 
satisfy the LDR 
requirements. 



4 The report needs stronger 
language and an 
explanation pertaining to 
the weakness of the current 
Conceptual Site Model 
(CSM), the lack of 
subsurface sampling and 
therefore characterization, 
and the many data gaps that 
affected ANL’s ability to 
evaluate the in situ 
technologies to a greater 
extent and created some 
difficulties in analyzing the 
ex situ technologies also. 
The Tribes suggest that 
there be more detailed 
discussion of these points 
in the 
conclusions/recommendatio
ns section of the report and 
in the executive summary 



Deficiencies in the CSM have been called out in numerous instances throughout the report. The fact 
that there is “sparse characterization data” available is noted in the Abstract. The fact that there are 
uncertainties about the CSM is noted in the Executive Summary. Furthermore, uncertainties about 
the CSM are discussed, where relevant, in the discussion on a specific ETT. Nevertheless, the 
Review Team needs to better explain how CSM uncertainties affected the review of technologies. 
The Review Team will include the following language in the Abstract, Executive Summary, and 
Summary and Conclusions.  
 
Abstract ES-2, Line 4:  after “…..and treat P4 wastes, then the Review Team determined that a 
number of the ETTs examined warrant further consideration for the treatment of P4 waste 
that has been characterized (for example, P4 waste present in the historical ponds). 
Nevertheless, concerns about the health and safety of site investigation workers using then-
available investigation approaches prevented the collection of subsurface samples 
containing P4 from large areas of the site (e.g., the railroad swale, the vadose zone beneath 
the Furnace Building, and the abandoned railcars), As a result, the contaminant CSM in 
those particular areas was not refined enough to allow the Review Team to draw 
conclusions about using some of the ETTs to treat P4 waste in those areas.  
 
Similar language will be added to ES-6, Line 42 and Pg 137, Line 12,  
If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used 
in combination to treat only a subset of the P4 waste present at the site. Concerns about the 
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(as discussed several times 
at the September meeting). 
The inadequacy of the 
CSM and the lack of site 
characterization [were] 
especially apparent when it 
came to evaluating ETTs 
for the [Furnace Building] 
and the area where the 
railcars are buried, and 
these are both areas that the 
Tribes view as high 
priorities for cleanup.  



health and safety of investigation site workers using the then-available investigation 
approaches prevented the collection of subsurface samples containing P4 from large areas 
of the site, including, for example, the railroad swale, the vadose zone beneath the Furnace 
Building, and the abandoned railcars. It appears that no attempt was made to experiment 
with or to use alternative characterization methods (such as modified PPE, nonintrusive 
techniques, remotely controlled sample collection equipment, cryogenics, etc.) as part of the 
investigation. As a result, the CSM in those particular areas is not refined enough to allow a 
full evaluation of ETTs and to allow the Review Team to draw conclusions about the 
efficacy of the ETTs examined. However, in other areas of the site, for example, the 
historical ponds, process knowledge (information about the process waste stream 
discharged to the historical ponds), and the information gathered during both the CERCLA 
investigations and the RCRA-related investigations, provide the information needed to 
determine whether or not the ETTs considered warrant further consideration for P4 in those 
areas. 



5 There needs to be a section 
of the report on monitoring 
and measuring because 
these two parameters are 
entwined with the ETTs 
and the CSM. If one cannot 
monitor/measure phosphine 
gas while using a 
technology, then should it 
be considered or eliminated 
by ANL? Will it be more 
difficult to monitor and 
measure with one 
technology than another, 
and should this factor be a 
part of the evaluation of an 
ETT? Much, if not all, of 



This independent review focused on ETTs that could be used to treat elemental phosphorus and not 
on measurement and monitoring of phosphine gas and other toxic gasses. The Review Team has 
noted that FMC and other elemental phosphorus manufacturers have used monitoring technologies 
and analytical methods. In particular, monitoring for phosphine and other toxic gases seems to have 
a precedent at the FMC site and at other sites. See the response to comment 39 below.  
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the ambient air an 
occupational monitor 
measuring ambient air and 
using methods that have 
never been properly 
validated obtained data 
used in the FS/SFS. There 
is no discussion on the 
possible effect this issue 
would have on the collected 
data and its analysis. For 
example, if any of the ETTs 
reviewed in the report were 
used at the FMC site, how 
could one be sure that 
phosphine and other toxic 
gases were not being 
released? Is the 
occupational monitoring 
and measuring protocols 
adequate for residential risk 
assessments? 



6 There is no mention of any 
bioremediation treatment 
ever being attempted nor 
was its feasibility 
considered for remediating 
phosphorous compounds at 
the site. Since it does not 
appear that ANL has a 
biologist or microbiologist 



It appears that this comment requires no change in the text. Argonne’s search of applicable 
technologies included potential bio-remediation tools. Argonne’s search included areas where P4 
remediation has been considered in the past.  Argonne found no cases where bioremediation was 
used at all and found no suggestion in the literature that bioremediation is a possible ETT worthy of 
further research. Intuitively, Argonne believes that bioremediation would not be successful, 
considering the reactive and ignitable properties of P4, even at low concentrations. 
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on their team, did ANL 
investigate or talk with 
other experts to see if 
injection of bacteria could 
work at the lower levels as 
an in situ remedial process? 



7 Page 9 (line 21) 
 
P4 analytical detection 
limit is not explained or 
provided, and did it change 
over time? 



It appears that this comment requires no change in the text. The Review Team is positing that P4, if 
present, would be present at concentrations ranging from above the analytical detection limit to 
nearly pure P4.  



8 Page 9 
 
The low temperature is an 
important point but values 
or ranges were not provided 
to the reader. 



This comment requires no change to the text. The temperature of the isotherm and the melting point 
of P4 are already called out in the discussion.  



9 Page 10 
 
Depth to railcars: is this 
figure correct or is it 
misleading, since the 
railcars are at ground level 
with material placed over 
them? In 2015, FMC 
moved between 20 [and] 
40 ft of stag (sic) from the 
top of the slag pile to other 
areas at the site. The railcar 
depths may no longer be 



Table 2-1 has been modified with a footnote to indicate the following: Since Table 2-1 was 
published (in MWH 2010), FMC has removed 20 to 40 ft of slag from the top of the slag pile 
to other areas at the site. 
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80 ft below surface.  
10 Section 2.2  



 
Is the CSM discussion 
complete? The issue of P4 
retention and the 
experiment would seem to 
fit in a data gaps section on 
the CSM (possibly a new 
section). See Major 
Comments, above, for 
additional needs in this 
section. 



Agreed. The discussion on the issue of P4 retention and the suggested bench- and pilot-scale studies 
(Pg. 9, Lines 32 to 36) will be moved to the discussion on in situ technologies in Section 5.1. 
 
Regarding the comment on preparing a new section to discuss the data gaps for the CSM, the 
Review Team has already discussed CSM data gaps as they relate to implementing ETTs, especially 
in the case of the in situ technologies. See how the Review Team responded to this comment in 
Major Comments above.   



11 Section 2.4 
 
“…Some of the remedial 
actions that were proposed 
(in the IRODA) informed 
the way the Review Team 
performed the evaluation of 
the ETTs.” This statement 
is not clear and needs to be 
more informative, possibly 
with an example.  
 
Section 2.5.2.3 
 
It would be beneficial for 
Argonne to state whether or 
not the Review Team found 
and reviewed any TCLP 



Agreed. Pg. 14, Lines 22, 23, and 24 text will be modified as follows: The IRODA is summarized 
here because some of the proposed remedial actions, including the groundwater pump and 
treat (P&S) system, informed the way the Review Team performed the evaluation of the 
ETTs. 
 
 
 
 
 
 
 
 
 
It appears that this comment requires no change in the text. The purpose of the LDR WTS was to 
generate a waste that would pass the LDR Universal Treatment Standards. TCLP data for stabilized 
product produced by the LDR WTS were reported in the multivolume report on the system. The 
Review Team examined the concentrations reported in, for example, Table 4.1-4, Characteristics of 
the Stabilized Product in Volume I. The LDR WTS documentation relates to treating both waste 
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testing. If so, what were the 
conclusions?  Supposedly, 
FMC did some TCLP 
testing. Thus, if the 
leachate fails TCLP, it 
should be noted that this is 
another RCRA issue. 



generated by active processes at the former FMC plant and sludge extracted from Pond 8S. Were a 
version of the LDR WTS to be used to address P4 wastes under a remediation scenario, there would 
be different waste acceptance criteria for the LDR WTS, and the TCLP would probably have to be 
repeated. 



12 Section 2.5.4 
 
The discussion of RCRA 
compared to CERCLA, 
including CAMUs, is 
interesting. Since the site is 
in EPA Region 10, does 
Region 10 have any 
guidance on this issue? 



Comment noted. 



13 Section 2.5.5 - RSLs 
(Remedial/Regional 
Screening Levels) 
 
ANL may be using RSLs 
improperly here because 
they are screening levels 
and not necessarily 
remediation concentrations. 
The RSLs are generally 
based on human health 
numbers for screening 
purposes only, and not 
necessarily remediation 
levels for soil 



It appears that this comment requires no change in the text. The Review Team has included this 
discussion to discuss cleanup levels in a relative sense, the thought being that in treating P4, one may 
need to do more than to remove the “reactivity” characteristic. The Review Team indicates that these 
levels “may” be applicable if and when one decides to actually implement a given ETT.  
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concentrations of a 
chemical, e.g., P4. Also, 
Region 10 does not have to 
recognize the Region 3 or 9 
concentrations as an ARAR 
because they are not 
necessarily applicable to 
the site. Mostly, 
clarification is needed in 
this section. 



14 Section 2.5.5.1 - SBT Soil 
Remediation Levels 
 
ANL quotes a portion of 
the IRODA that states that 
the Tribes’ Soil Cleanup 
Standards (SCS) “require . . 
. excavation and/or 
treatment of all buried 
elemental phosphorus on 
the Fort Hall Reservation. 
Among the Tribes’ stated 
goals in promulgating the 
SCS is restoring all land 
within the Reservation to 
its original state prior to the 
contamination that the 
standards are designed to 
address.”  ANL concludes 
from this statement [that] 
“It is clear that the 



The text will be modified as follows (Pg. 24, Line 33): It is clear that in some cases the Shoshone-
Bannock Tribes’ cleanup standard for P4 in soil would entail complete removal, which 
typically is interpreted to entail removal to the extent that no contaminant that is detectable 
when  using validated and approved analytical techniques. However, the SCS specifically 
provides in §1.1 that “The Tribes recognize, however, that there are situations where use of 
Commercial/Industrial Cleanup Standards rather than Unrestricted Use standards may be 
appropriate, or where attainment of the Cleanup Standards may be technically 
impracticable.” The Tribes also specify, however, that “The SCS do require soils that 
exhibit the characteristics of ignitability or reactivity to be treated to eliminate those 
characteristics, or else the soils must be removed from the site (Part 4).” Hence, it appears 
that the Tribes’ SCS would permit application of a cleanup standard other than complete 
removal of P4, as long as the remaining media would no longer exhibit the RCRA 
characteristics of ignitability and reactivity. This would entail developing a set of criteria 
that would establish a de facto definition of RCRA ignitability and reactivity, specifically 
due to P4 content, as well as an alternate numerical cleanup standard for media that 
contains P4 below RCRA ignitability and reactivity characteristic levels.  
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Shoshone-Bannock Tribes 
cleanup standard for P4 in 
soil would entail complete 
removal.”  However, 
EPA’s description of the 
SCS is inaccurate and 
incomplete, and ANL’s 
conclusion about the SCS is 
incorrect. 
 
The SCS specifically 
provide[s] in § 1.1 that 
“The Tribes recognize, 
however, that there are 
situations where use of 
Commercial/Industrial 
Cleanup Standards rather 
than Unrestricted Use 
standards may be 
appropriate, or where 
attainment of the Cleanup 
Standards may be 
technically impracticable. 
The Cleanup Standards 
provide alternatives for 
these situations, as 
discussed further in Part 3 
below.”  SCS § 3.1 
authorizes a facility owner 
or operator to petition to 
use the 
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commercial/industrial 
cleanup standards in lieu of 
the standards for 
unrestricted use.  Notably, 
the numerical SCS (Tables 
A-D) contain values for 
both residential and 
commercial/industrial use.  
Therefore, treatment to 
industrial standards may 
satisfy the SCS. 
 
The SCS also provide for 
alternative standards to be 
applied if the unrestricted 
use or 
commercial/industrial 
standards cannot be 
achieved due to technical 
impracticability (§ 3.2). In 
addition, and when 
appropriate, site-specific 
standards may be 
developed for some or all 
portions of the site (Part 4), 
and in a policy statement 
issued in February 2011 the 
Tribes’ Environmental 
Waste Management 
Program (“EWMP”) 
explained the general 
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procedures and bases for 
developing site-specific 
standards (“EWMP Policy 
for Setting Site-Specific 
Cleanup Standards under 
the Shoshone-Bannock 
Waste Management Act”). 
 
The SCS do require soils 
that exhibit the 
characteristics of 
ignitability or reactivity to 
be treated to eliminate 
those characteristics, or else 
the soils must be removed 
from the site (Part 4). The 
ANL Report discusses 
ETTs that would provide 
for such treatment or 
removal. 
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15 Section 5.1.1 - Thermal 
Treatment and Recovery. 
Thermal Conduction and/or 
Electrical Resistance 
Heating. 80 feet.  
 
It is very difficult to 
evaluate this ETT without 
detailed data as to where 
the P4 is located. This ETT 
also is not likely to remove 
other constituents (metals). 
Another big unknown is 
where the P4 would go 
besides along the hydraulic 
gradient, and the amount of 
P4 that would be removed 
versus the amount that 
would stay. The removal 
efficiency is unknown 
without testing. And again, 
this only accounts for the 
P4 and not the other 
contaminants that would 
not be removed by the 
process unless trapped or 
associated with the P4. 
Finally, even if the 
“original” P4 is removed 
after testing, the area will 
more than likely rebound 



Regarding the difficulty in evaluating this ETT without detailed data as to where the P4 is located, 
see the comment response on the CSM above. The July 1, 2014, Work Order bounded the review 
parameters as follows: 
 



 Extent of Review – The review will encompass ETT for elemental phosphorus, its chemical 
reactions, and byproducts in the soil at the FMC OU. Other contaminants or media will not 
be evaluated unless it is determined that they impact the efficacy of an ETT. 



 
As a result, the Review Team focused on technologies that could address P4. To address this 
comment, a sentence will be added on Pg. 36, Line 27 as follows: Inorganic hazardous 
constituents present would be brought to the surface along with the P4 mobilized by the 
heating method.  
 
A sentence will be added on Pg. 38, Line 7: Inorganic hazardous constituents present in the P4 
that could not be mobilized by the heating method would remain in the subsurface.   
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(be replenished) with more 
P4 after the original 
removal. This issue has 
been demonstrated and 
documented several times 
under the CERCLA order 
for Ponds 16S and 15 (and 
others). 



16 Table 5.1 - Thermal 
Treatment 
 
The Tribes appreciate ANL 
doing a technology 
evaluation table for each 
ETT, and it adds to the 
evaluation and readability 
of the report. There should 
be a statement as to the 
purity of P4 that might be 
recovered and possibly 
sold, although the sale 
probably would have only a 
small impact on the overall 
cost.  Also, there could be 
negative impacts if the 
“now” liquefied P4 moves 
in many directions without 
being able to be contained, 
possibly making the 
situation worse. 



Pg. 39: The discussion on overall advantages and disadvantages will be modified as follows: The 
purity of the P4 that would be recovered is unknown.  
 
Table 5-1 already includes a discussion on the need for containment in the section titled 
“Limitations.” 
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17 Section 5.1.2  Solvent 
Leaching  
 
While the report is 
primarily about P4, it 
would be important to 
mention other COCs which 
could be a limiting factor in 
using this technology since 
most other COCs would not 
be soluble in oils, etc. Cost 
and recovery would be 
high, but bacteria would 
flourish with some of the 
oils. Train tracks on site are 
a big plus for being able to 
deliver a solvent to the site. 
 



Pg. 38, Line 34: A sentence will be added as follows: Hazardous inorganic constituents present in P4 
would be soluble in water but only sparingly soluble in the organic solvents mentioned below. It is 
only slightly soluble in alcohol (C2H6O), ether, and benzene (C6H6).  
 
 



18 Section 5.1.3  Oxidation 
(with hydraulic barrier) 
 
One limitation missed in 
the discussion of the ETT 
(as well as of others, as 
noted above) is that other 
COCs were not mentioned 
and their removal is 
unlikely. A hydraulic 
barrier would have its own 
limitations. This 
technology is very good for 



It appears that this comment requires no change in the text. Of all of the in situ technologies 
discussed, oxidation (with a hydraulic barrier) has the greatest potential to address inorganic 
hazardous constituents, in that inorganic constituents could be brought to the surface along with any 
other P4 oxidative reaction products. 
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removal at groundwater 
depth, but some Remedial 
Units at the FMC site are 
not amenable to this 
technology (meaning this 
ETT would have to be used 
in conjunction with another 
ETT).  Another limitation 
would be getting a hot 
material (solvent) to 80 feet 
bgs.  



19 Section 5.1.4 - 
Containment Technologies 
 
Three examples of 
containment technologies 
are provided in the report. 
EPA Region 3 has led EPA 
in building barrier and 
slurry walls, some 50-80 
feet bgs. 
 
No mention is made of the 
possible effects of a 
containment wall i.e., 
stopping groundwater flow, 
backing it up so to speak.  
Also, buried piping and 
material would be an issue 
for containment in these 
areas, but see ex situ for 
facing those issues. 



Containment technologies are discussed in the context of being coupled with other ETTs in order to 
treat and remove P4 from the subsurface, not just contain it in the subsurface. The following changes 
will be made to Pg. 48, Line 21: ... containment system to isolate the treatment area, preventing 
both the solvent and the target compound from escaping and blocking groundwater flow 
into the treatment zone.  
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20 Section 5.2.2   Mechanical 
Excavation Technologies  
 
Page 54 cites Figures 5-3 
and 5-5 but they do not 
follow page 54. There is no 
information discussing 
ambient temperature below 
44 degrees C and its effect 
on the excavation. If the 
excavation were done at 
cold temperatures, would 
the hazards and exposure 
be minimized? 



Pg. 54, Line 1: A phrase will be added to the sentence as follows: … performing the excavation 
when ambient temperatures are below 30°C (or by controlling temperature in a temporary 
structure erected over the excavation site) and/or by keeping the white-phosphorus-bearing 
materials covered and saturated with water, while the off-gas from the excavation site could 
be captured and treated. 
 
Pg. 54, Line 4: The sentence will be modified to include a reference to the use of a temporary 
structure over the excavation site: The pyrophoric hazard could be mitigated by performing the 
excavation when ambient temperatures are below 30°C (or by controlling temperature in a 
temporary structure erected over the excavation site) and/or by keeping the 
white-phosphorus-bearing materials… 
 



21 Section 5.2.3  Cutter 
Suction Dredging 
 
This ETT appears feasible, 
but it captures the material 
without treatment. Most 
likely it would still be 
necessary to do some long-
reach excavator process. 



It appears that this comment requires no change in the text. Section 5.2 is titled “Ex Situ Excavation 
Technologies.” Discussion is included to the effect that in order for P4 waste to be treated by an 
ex situ technology, the waste would have to be excavated, stored, sampled, sized, and blended first. 
The Review Team has explicitly stated that the ETT in this case captures the material without 
treatment.  



22 Section 5.2.4  Thermal-
Hydraulic Dredging 
 
Again, dredging is a 
technology for removing 
the waste but not treating it, 
as noted in the report and is 
true for many of these 
technologies. 



It appears that this comment requires no change in the text. Section 5.2.4 is within Section 5.2, 
“Ex Situ Excavation Technologies,” so the response provided above is applicable.  
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23 Section 5.2.5  Excavation 
Methods Summary  
 
There is some speculation 
in the beginning of this 
section that could be 
lessened if the appropriate 
testing were conducted.  It 
would be necessary to 
remove (move) the slag to 
view the railcars and the 
material below the railcars, 
which may have leaked 
from the cars over time. 



Comment noted. 



24 Section 5.3 
 
Ex situ incineration is 
feasible. The difficulty at 
this site most likely would 
be the feed system, and 
how to accomplish it with 
minimal exposures. ANL 
calls it preprocessing. 
There is not a comparison 
between mobile and 
stationary incinerator 
systems. It is likely the 
mobile system would create 
fewer issues, but either 
could function well at this 
site. One problem may be 



It appears that this comment requires no change in the text. There is a comparison of on-site vs off-
site incineration on Lines 32 to 46 on Pg. 125 and Lines 1 to 31 on Pg. 126. The time to implement 
and treat waste is stated as requiring more than 10 years.  
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the amount of CO2 
released.  
The time to implement and 
treat waste is stated to take 
10 years. This value seems 
overly conservative and 
data are not provided to 
understand this value 
(i.e., feed rate of 
incinerator, treatment per 
day, depth of excavation, 
etc.). 



25 Section 5.3.2 
Drying/Mechanical Mixing 
 
Units of measurement need 
correction and clarification 
for the reader. Note 12,000 
gal is not 40,000 liters. The 
numbers in this section do 
not make it very 
understandable. Pounds of 
water on a railcar? For 
example, how many pounds 
of water can a railcar hold? 
Most railcars hold about 
200,000 pounds or 
100 tons, but older railcars 
may not hold that amount. 
In this instance weight is 
not as important as volume. 



Pg. 74, Line 13: The text will be modified as follows: …a railroad tank car containing 12,000 gal of 
liquid P4 (approximately 40,000 L, 170,000–175,000 lb)…   
 
The Review Team is repeating the information from the cited reference. Absent information to the 
contrary, the Review Team would like to retain the existing quantities and units of measure.  
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Page 78 Line 33 citing EPA 
RSL of 23 mg/kg which 
MAY be a target 
concentration. Since it is 
not a Region 10 value, it is 
probably wiser not to use it 
in this evaluation or to cite 
(clarify) it as a Region 9 
value when ANL uses it, 
even if that fact was stated 
previously. 



The Review Team will cite Region 9 as being the source of the RSL.  



26 Section 5.3.3 - A & W 
 
Page 8, top. P4 treatment 
done; is it possible to 
remove the metals with a 
lime precipitation process? 
Not stated. Answer yes. 
May be beneficial to state 
this aspect, as it is an 
advantage over a 
technology that does not 
remove or bind the metals. 
 
Page 84, 3rd paragraph. 
“...soils and residuals 
excavated from the FMC 
site…might make the mud 
still not be effective” is 
speculation because tests 
have not been done at the 



It appears that this comment requires no change in the text. The Review Team has noted in Section 
5.3.3.1 that residuals solids might contain heavy metals and that residuals solids would require 
additional treatment to meet RCRA LDR requirements, or on-site disposal in a RCRA CAMU 
(Pg. 82, Lines 8 to 16). 
 
 
 
 
 
 
 
 
It appears that this comment requires no change in the text. The Review Team is noting that low 
concentrations of P4 might impact the efficiency of the A&W mud still, which is reasonable given 
that the unit was tested at P4 concentrations of 20%. 
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Silver Bow site or at the 
FMC site. Unless you can 
show scientifically why, 
then it is speculation. 



27 Section 5.3.4 - LDR 
processes and the Waste 
Treatment System (WTS).  
 
Built but torn down and 
never used by FMC. See 
major comment on LDR. 



Comment noted. It appears that this comment requires no change in the text.  



28 Section 5.3.5 - Wet Air 
Oxidation 
 
This process may be 
difficult to control at the 
FMC site. It may be 
possible in certain areas of 
the site, but without testing, 
one can only show by 
theory. 
 
Solvent extraction in a 
vessel should explicitly 
state the vessel size would 
limit the process. 
 
Table 5-15 has a 
contradiction. The first 
description states that the 
ETT is “considered 



It appears that this comment requires no change in the text. FMC also determined that WAO 
technology would be difficult to operate at the site. FMC-related research went far beyond the theory 
stage.  
 
 
 
 
 
 
 
 
The reference to solvent extraction and solvents seems out of context. WAO is not a solvent 
extraction method. 
 
 
 
Table 5-15 does not include a contradiction. The Review Team notes that WAO is mature in the 
waste treatment industry, but that only a pilot-scale version has been assessed for treating P4.  
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mature” but only a pilot-
scale treatment has been 
done. Then the third 
description states, “lack of 
maturity of this method.” 
Many of the solvents that 
could be used have their 
own drawbacks. Testing 
with oils may be the first 
attempt at doing this type 
of extraction at a 
phosphorous site. If ANL is 
aware of other attempts, 
that should be noted in the 
report. 



29 Section 5.3.7 - Off-site 
Incineration 
 
It is unclear from the report 
whether there are other 
types of incineration 
available besides the rotary 
kiln referenced in this 
section. 



It appears that this comment requires no change in the text. When FMC performed a nationwide 
survey in the mid-1990s, incinerators and wastewater treatment facilities were surveyed. The Review 
Team does not know what types of incinerators were surveyed.  



30 Section 5.4 - Ex situ 
Disposal  
Pages  
 
Pg. 99-100 On-site disposal 
– ANL explains that, 
although the IRODA 



The Review Team has discussed disposal that would occur only after treatment to remove P4 to 
acceptable levels. The text on Pg. 100, Line 5, will be modified as follows: However, on-site 
disposal of residuals that remain after P4 has been removed to acceptable levels by treatment is 
examined herein.  
 
Argonne also disagrees with the Tribes regarding the assertion that “when P4 remains in the soil, due 
to its reactivity and ignitability, the exposure pathway cannot be minimized or eliminated.” Argonne 
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remedy of capping and 
cover is effective in 
reducing risks to human 
health and the environment 
when the exposure pathway 
is minimized or eliminated, 
“only rarely have these 
types of remedies been 
approved of for soil and 
debris that are reactive and 
ignitable, such as P4.” The 
Tribes comment that when 
P4 remains in the soil, due 
to its reactivity and 
ignitability the exposure 
pathway cannot be 
minimized or eliminated. 
Evidence of this problem 
abounds at the FMC site, 
where capped RCRA ponds 
continue to react and emit 
toxic phosphine gas and P4 
continues to make its way 
into the groundwater. 
 
ANL then states that 
capping and cover “are not 
presented in this document 
for soil and debris 
containing P4 above the 
cleanup level of 23 mg/kg,” 



maintains that once the reactive component of the P4 waste has been treated, even though some P4 
would remain in the waste, a well-designed and cared-for cover can effectively preclude migration 
of contaminants and can eliminate or at least minimize the exposure pathway. 
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which ANL identified in § 
2.5.5 as a soil remediation 
goal for P4. SBT supports 
ANL’s elimination of 
capping and cover of 
untreated waste as an ETT 
worth further exploration in 
its report, for the reasons 
stated above. 
 
Solidification/Stabilization 
is pretty much ignored 
basically because of the 
increase in size of the waste 
to then dispose of in a 
CAMU-like containment. 
The alternative should have 
been more thoroughly 
investigated regardless of 
the size or volume. 
Encapsulation was 
probably not considered for 
the same reason, plus it is 
energy-intensive; is that 
correct? It seems ANL 
would agree with this 
statement because in the 
first line under Section 
5.4.1.2 ANL states: 
“Disposal of treated waste 
and soils and debris…in an 



 
 
 
 
 
 
 
 
 
 
The Tribes also imply that stabilization, solidification, and even encapsulation could be used to 
address the P4-contaminated areas. Argonne disagrees with this implication. First, Argonne is 
unaware of any stabilization, solidification, or encapsulation technology that would be successful on 
contaminated media containing high or even moderate concentrations of P4. Noteworthy is the failed 
experience with in situ stabilization attempted at Tarpon Springs, Florida. One could dilute the P4 
with solidification and stabilization media so that the P4 would then be present only at very low 
concentrations, but Argonne believes that this “dilution is the solution” approach would be 
unacceptable from a number of different perspectives. More important, Argonne understood that its 
charge was to evaluate ETTs that would remove the P4 as the principal threat waste. Stabilization 
and solidification technologies, other than diluting the P4 with massive amounts of stabilization or 
solidification materials, would be ineffective for addressing anything other than treated materials 
from which the bulk of the P4 has been removed to acceptable levels. And here also, the purpose of 
the stabilization or solidification would not be to address the P4, but rather to address heavy metals 
or radionuclides that may remain within the treated residue. 
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on-site CAMU or 
CERCLA on site land 
disposal unit is applicable 
to FMC (the site).” Without 
treatability studies, it is 
difficult to know the 
approximate increase in 
volume with stabilization 
processes. Solidification 
would probably at least 
double the waste material 
for containment on-site. 
 
Section 5.4.2  Off-site 
disposal 
Creating a new off-site 
disposal facility has been 
done at other sites for large 
amounts of waste with 
reactive, radioactive issues 
and metal issues (e.g., Oak 
Ridge, TN).  
 



Saving money 
through on-site 
disposal could, in 
turn, accelerate the 
cleanup work at Oak 
Ridge National 
Laboratory and Y-12 
National Security 



 
 
 
 
 
 
 
 
 
 
 
 
 
The citation referenced by the reviewer appears to be describing an on-site disposal facility not an 
off-site disposal facility.  
 
The Review Team evaluated disposal (whether on or off site) assuming that the waste to be disposed 
of would first be treated to remove the P4-related hazards. Off-site disposal would be needed only to 
address any heavy metals or radionuclides that remain in the treated media.  
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Complex, said Laura 
Wilkerson, federal 
project director for 
the Y-12 National 
Security Complex in 
the Oak Ridge 
Office of 
Environmental 
Management. The 
new landfill, the 
Environmental 
Management 
Disposal Facility, 
would be built on 
Bear Creek Road 
west of the Y-12 
National Security 
Complex near 
another landfill that 
is already in use and 
has been operating 
since 2002.  The 
earlier 43-acre, six-
cell landfill is known 
as the Environmental 
Management Waste 
Management 
Facility. It has a 
capacity of 2.18 
million cubic 
yards—about 



 
 
 
 
 
 
 
 
 
 
 
 
 
The third bullet for the Overall Discussion of advantages and disadvantages in Table 5-20 will be 
replaced with the following language: 
 
The cost of transporting treated P4 waste to an off-site disposal facility would be high relative to the 
cost of on-site disposal of treated P4 waste.  
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872,000 pickup truck 
loads—and it is 
roughly 66 percent 
full. It’s expected to 
be filled by the 
remaining cleanup 
work at the East 
Tennessee 
Technology Park, 
also known as the 
former K-25 site, 
sometime around 
2023. (DOE) 



 
ANL states that this option 
would not be considered 
because of the high cost 
and other aspects.  Those 
types of statements should 
have not been placed in this 
document because of their 
speculative nature and the 
fact that costs were not 
supposed to be considered. 
Table 5-20 also lists as the 
first disadvantage that it 
would take many years; 
however that same 
disadvantage was not listed 
in other long-term 
remediation options. Thus 
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an unfounded bias seems to 
be part of this alternative 
evaluation. Indeed, a 
comparison is made to the 
interim IRODA: “The cost 
would be high relative to 
the cost of cap and cover 
options.” But ANL did not 
provide an evaluation of a 
cap and cover option and so 
has no independent basis 
for making this statement; 
instead ANL is accepting 
the IRODA’s value without 
doing its own analysis. The 
Tribes disagree with this 
approach and its use in this 
report, which is intended to 
be an independent review. 



31 Section 5.5.1 Piping 
Section needs more depth 
to it. 



Comment noted. 



32 Section 5.5.2  Railcars 
 
In May 2009 FMC 
commissioned MWH to 
complete the SFS 
Technology Screening 
Memorandum for Buried 
Railcar Evaluations for the 
FMC Operable. The report 



The memorandum mentioned in the comment is Appendix B of the Supplemental FS, which the 
Review Team has used as an assumed authoritative source for the following: (1) gathering 
information about the abandoned railcars and (2) drawing conclusions about the potential 
applicability of ETTs. The Supplemental FS has been cited in the Independent Review as 
(MWH 2010). To be more specific and address the noted comment, Pg. 110, Lines 41 to 43, will be 
amended in response to a detailed comment from the EPA about the same topic.   
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stated the buried railcars 
contained an estimated 
range of 200 to 2,000 tons 
of P4 sludge (depending on 
the amount of P4 in each 
railcar, as reported in 
Section 4.15.4 of the SRI 
Report).  The report cited 
the need to remove 300,000 
cubic yards of material to 
reach the railcars.  FMC 
has moved over 4 million 
cubic yards from the slag 
pile in 2014 and 2015. This 
report should be cited in the 
report when railcars are 
discussed.   



33 Section 5.5.5.5   
Applicability to FMC 
 
ANL states here (Pg. 113) 
“At a minimum, a more 
refined CSM is needed, 
including a better or 
complete understanding of 
the location, configuration, 
and condition of the 
railcars.” This is one of the 
instances in which 
weaknesses in the current 
CSM affected ANL’s 



Comment noted. See the response to a General Comment above. 
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analysis, as SBT notes in its 
general comments on the 
report. 



34 Section 6.2  Evaluations  
 
“…Whether the ETT is 
applicable to the FMC 
site…”: Since this is a site-
specific review as 
designated by the SOW, 
why did the Review Team 
state this point? 



The Review Team is merely restating language included in the SOW. 



35 Section 6.2.1  Ex Situ 
Excavation and Ancillary 
Technologies 
 
The Tribes disagree 
strongly with the reasoning 
(excuse) for the site being 
uncharacterized. Samples 
can be taken in a safe 
manner. The PRP has not 
allowed the Tribe to sample 
and they have not been 
forthright in trying to 
characterize the site. This 
issue arises in two different 
contexts in this section.  
First, on Pg. 119, ANL 
says, “Due to worker health 
and safety issues, site 



Comment noted. 
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investigators have strived 
to avoid collecting any 
samples that contain P4.” It 
is difficult to see how an 
investigation into 
applicable technologies for 
addressing P4 
contamination at a site 
would be viewed as 
adequate or complete when 
few or no samples of P4 at 
the site were collected.  
Second, on p. 123, ANL 
states: “Although the in-
situ ETTs are potentially 
applicable to the FMC OU, 
uncertainties pertaining to 
both the CSM and the in-
situ ETTs suggest that 
further consideration of 
these in-situ ETTs is not 
warranted because the 
subsurface remediation, no 
matter the ETT 
implemented, would be 
incomplete.”  It seems that 
if an adequate CSM were 
developed the subsurface 
remediation may not need 
to be incomplete, at least 
not in all areas. 
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36 Table 6-1   ETT Report 
Matrix 
 
11 out of 18 or almost 2/3 
of the ANL-reviewed 
technologies warrant 
further consideration for 
use in remediating the site. 
Also, some of the other 7 
ETTs may be considered if 
the testing and samples are 
collected and analyzed to 
develop a more complete 
CSM. 



Comment noted. 



37 Section 6.2.2   Ex situ 
Technologies 
 
Ex-situ incineration – FMC 
eliminated this option in the 
SFS because it involved 
waste excavation, but the 
ANL Review Team 
disagrees. The Review 
Team stated that excavation 
has been done in several 
instances at the FMC site, 
and furthermore, done 
without tents. Thus, why 
eliminate the technology 
for excavation reasons? 
The Tribes agree strongly 



Comment noted. 
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with ANL’s analysis of the 
issue and the technology, 
and note that this 
discussion is an illustration 
of how the SFS was flawed.  



38 Chapter 7 “ Primary “ 
Recommendations 
 
It is unclear why the word 
primary is used in the 
heading of this chapter. Are 
there other 
recommendations being 
made, that are not stated? 
Overall, this chapter is 
insufficient. ANL needs to 
be more critical as this 
report is supposed to be 
both a review and an 
evaluation. ANL has done a 
great job on a hard task. 
This chapter should be re-
written after the meeting 
and subject to comments 
and discussion. 



The Review Team will remove the word “Primary.” 



39 Major Point: Between 
Table 6-1 and the 
beginning of the 
Recommendations 
chapter, the Review Team 
has eliminated in situ 



There is no point in performing bench- and pilot-scale studies if the success of in situ treatment 
methods being tested cannot be measured. If the CSM could be refined to the point that an isolated 
and defined mass of P4 could be identified, it may be fruitful to perform a pilot-scale study to 
evaluate if a particular ETT can treat that isolated and defined mass of P4. Before proceeding, such a 
pilot-scale study would have to be preceded by bench-scale studies to address the uncertainties 
discussed in Section 6.2.1. Perhaps, by proceeding in such a step-wise fashion, investigators could 
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treatment without further 
pilot studies. In essence, 
this consideration has a 
basis, but there needs to 
be a caveat stating that if 
the CSM is revised and if 
the site is characterized 
more fully (especially the 
subsurface), then a re-
analysis of in situ 
technologies would be 
warranted. 
 
Use of mature technologies 
with a proven track record 
is agreeable to the Tribes. 
However, for certain parts 
of the site, some of the 
lesser-practiced and used 
technologies may be 
optimum after testing for 
remediation. 
According to the Shoshone 
Bannock Tribes’ Chairman, 
Blaine Edmo, “I am 
encouraged that this report 
does dispute the claims that 
there are no other 
technologies out there. In 
the past we were told that 
there were no other options. 



determine whether an in situ ETT has merit and, if so, scale up from the pilot scale as the 
presence/absence of P4 is defined in the remaining areas of the subsurface.  
 
 
 
 
 
 
 
 
 
 
 
It appears that there are technologies that can be used to measure and monitor phosphine gas. 
Phosphine gas measurement is particularly important when fumigating grain with some phosphide 
grain fumigants. Worker safety for fumigators requires an accurate monitoring device. Tube-type 
and direct reading electronic-type meters have been assessed in the past (with particular attention 
paid to monitoring in the IDLH concentration range; 50 ppm); see  
https://scholar.lib.vt.edu/ejournals/JPSE/v7/JPSEV7_1-9.pdf. Accuracy around dangerous 
concentration levels appears to be satisfactory. Vendors apparently manufacture equipment that can 
detect phosphine gas at concentrations well below and up to the IDLH level. For example, the RKI 
meter SP-205ASC can detect phosphine at concentrations as low as 0.3 ppm; see 
http://www.rkiinstruments.com/pages/sp205.htm. 
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I think this is encouraging, 
having at least 12 
technologies listed. We 
want to move quickly to the 
next step, to talk with EPA 
about Phase 2.” 
 
 
ANL was asked to look at 
technologies that warrant 
more considerations.  
However, the “elephant in 
the room” is the lack of 
proper environmental 
monitoring - weather, 
temperature swings, wind 
storms, the dust storms that 
shut down the highways, 
air quality monitoring, and 
the failure to have a proper 
conceptual model for the 
site. “We do not have 
enough information about 
the site. We need a table of 
studies that need to be done 
in Phase 2. We said that 
whatever is below the 
furnace it is just a guess.”  
 
Decision tree on ifs and the 
procedures is 



 
 
 
 
 
 
Draeger, Industrial Scientific, and BW Technologies also manufacture meters that can detect 
phosphine gas. So apparently, monitoring technologies exist to measure phosphine and provide for 
the management of phosphine-related risks. The Review Team will specifically note in the report 
that, in general, technologies do exist that can be used to monitor for phosphine gas. The monitoring 
technology would need to be matched with the ETT. However, implementation of any given ETT 
would require adherence to a health and safety plan (HASP). Monitoring is only one part of that 
plan. The HASP and any remedial action plans would have to address meteorological conditions and 
the potential for the off-site migration of contaminants. The Review Team focused on evaluating 
ETTs that can treat elemental phosphorus. It appears that there are technologies for monitoring and 
measuring phosphine gas should an ETT be implemented.   
 
 
 
 
 
 
 
 
 
 
Comment noted. Specificity and completeness are dependent upon what the remediation goals are 
and what ETTs are selected to achieve the remediation goals. The Review Team feels that this 
language, although it is generalized and simple, focuses on the key decisions that must be made 
before selecting remediation with an ETT. 
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oversimplified and was not 
requested in the SOW. It 
should either be removed or 
amended to include 
specificity and 
completeness.  



40 Chapter 8  Conclusions 
 
Most of the comments on 
the conclusions have been 
made elsewhere in the 
previous pages, including 
in the Executive Summary. 



Comment noted. The conclusions and executive summary are meant to be a summation of the report 
and thus include information contained throughout the report.  
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Appendix H contains Argonne National Laboratory’s (ANL’s) responses to the 
October 19, 2015, review comments received from the U.S. Environmental Protection Agency 
(EPA) on the Draft Report: Independent Review of Elemental Phosphorus Remediation at the 
Eastern Michaud Flats FMC Operable Unit near Pocatello, Idaho, September 2015. Note that 
page and line numbers referenced in this appendix refer to an earlier draft of this document. 
Italicized text indicates changes that were made in response to the comments received from the 
EPA. 
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Global 1   1. The Draft report contains several statements 
pointing out that the Conceptual Site Model (CSM) 
is not well constrained because few borings have 
been advanced in areas of subsurface elemental 
phosphorous. EPA agrees and believes that 
important contextual information should be 
included when stating that the nature/extent of 
subsurface P4 has not been well characterized. The 
health and safety concerns that have discouraged 
boring through pyrophoric P4 are genuine, and 
thus additional characterization efforts would be 
very challenging. EPA requests that ANL describe 
specific examples or approaches for how 
characterization of the subsurface elemental 
phosphorous mass could be accomplished safely. 



Argonne assumes that EPA is requesting the inclusion of 
input on site characterization in this response, rather than 
inclusion of an amendment to the independent review report. 
Since site characterization is outside the scope of this 
Statement of Work, the Review Team only provides a general 
response here. The cleanup programs implemented at sites 
with significant site worker health and safety concerns, such 
as U.S. Department of Energy (DOE) and U.S. Department of 
Defense sites, are instructive in this case. At the Aberdeen 
Proving Ground (APG), the State of Maryland and APG staff 
are challenged with investigating sites contaminated with 
elemental phosphorus, chemical warfare agents (with both a 
dermal and inhalation hazard), unexploded ordinance, volatile 
organics, biohazards, radioactive components, and inorganic 
constituents. Over the tenure of the APG Installation 
Restoration Program, investigation efforts proceeded in 
phases, with a gradual reduction in risk and hazard 
management (personnel protective equipment [PPE] levels, 
hazard monitoring, air monitoring, explosive ordinance 
avoidance, decontamination requirements, etc.) as more was 
learned about the hazards associated with site 
characterization. For example, initial characterization efforts 
involved modified Level A PPE and may have involved 
remotely operated drilling equipment (see 
http://info.ngwa.org/gwol/pdf/880156108.PDF). As more 
was learned about site hazards, PPE levels were downgraded 
from Level A to B to C, air monitoring was modified, and the 
availability and rigor of decontamination teams were relaxed, 
for example. The DOE cleanup program involved developing 
an alternative and innovative approach for sampling in the 
interest of mitigating risks to remediation workers. For 
example, cryogenic drilling may be a viable approach to use 
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to characterize P4 in the subsurface (see 
https://frtr.gov/pdf/cryogenicdrilling_2.pdf). Cryogenic 
drilling could be coupled with flooding the borehole with an 
inert gas, while exploratory borings could be staged in a 
water-filled drop tank.  
 
The Review Team will acknowledge that the risks to 
investigator workers are/were genuine, but that, apparently, 
no attempt was made to refine the CSM using other than 
routine, intrusive sampling approaches.   



Global 2   2. ANL stated plainly during their September 21, 
2015, presentation to the Tribes and EPA’s Office 
of Superfund Remediation and Technology 
Innovation (OSRTI) that it substantially relied on 
the same data as other parties (i.e., EPA, FMC, and 
their respective consultants). ANL, however, 
arrived at different conclusions regarding a key 
issue: ANL believes P4 in soil can be safely 
excavated at the FMC Operable Unit (OU). ANL 
should make sure it clearly communicates that 
conclusion in the final report. 



The Review Team will make clear that a subset of the 
P4 waste can be safely excavated. Specifically, it appears that 
P4 waste can be safely removed from the historical ponds, 
since process knowledge can be used to appraise any risk to 
site workers, and since FMC has past experience in removing 
P4 waste from both the historical ponds and the so-called 
“RCRA ponds.” In the case of subsurface P4 present, for 
example, beneath the Furnace Building and within the 
abandoned railcars, the Review Team has communicated the 
fact that additional CSM refinement would be needed to even 
evaluate excavation and treatment technology (ETTs).  
 
The Review Team will include the following language in the 
Abstract, Executive Summary, and Summary and 
Conclusions.  
 
Abstract ES-2, Line 4: … was not refined enough to allow 
the Review Team to draw conclusions about using some 
of the ETTs to treat P4 waste in those areas. The 
readiness of an ETT for implementation varies 
depending on many factors, including stakeholder input, 
permitting, and remedial action construction 
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requirements. Technologies that could be ready for use 
in the near term (within 1 year) include the following: 
mechanical excavation, containment technologies, off-
site incineration, and drying and mechanical mixing 
under a tent structure. Technologies that could be ready 
for use in the mid-term (1 to 2 years) include cutter 
suction dredging, thermal-hydraulic dredging, and 
underground pipeline cleaning technologies. 
Technologies requiring a longer lead time (2 to 5 years) 
include on-site incineration, a land disposal restriction 
waste treatment system, an Albright & Wilson batch 
mud still, post-treatment on-site disposal, and post-
treatment off-site disposal.  
 
Similar language will be added to ES-6, Line 42, and Pg. 137, 
Line 12:  
…then the Review Team concludes that several of the 
ETTs could be used in combination to treat only a 
subset of the P4 waste present at the site. Concerns 
about the health and safety of investigation site workers 
using the then-available investigation approaches 
prevented the collection of subsurface samples 
containing P4 from large areas of the site, including, for 
example, the railroad swale, the vadose zone beneath 
the Furnace Building, and the abandoned railcars. It 
appears that no attempt was made to experiment with or 
to use alternative characterization methods (such as 
modified PPE, nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, 
etc.) as part of the investigation. As a result, the CSM in 
those particular areas is not refined enough to allow a 
full evaluation of ETTs and to allow the Review Team to 
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draw conclusions about the efficacy of the ETTs 
examined. However, in other areas of the site, for 
example, the historical ponds, process knowledge 
(information about the process waste stream discharged 
to the historical ponds), and the information gathered 
during both the CERCLA investigations and the RCRA-
related investigations, provide the information needed to 
determine whether or not the ETTs considered warrant 
further consideration for P4 in those areas.  
Similar language will be added to ES-6, Line 42, and Pg. 137, 
Line 12. 



Global 3   3. The report provides a list of ETTs for P4 that 
could be applied at the site. Recognizing that no 
one technology would be sufficient to … address 
all P4 in soil, the information would be more 
usable if ANL more clearly indicated where within 
the OU specific technologies might be most 
applicable and implementable. This would focus 
any follow-on work after Phase 1 on the most 
viable technologies. Perhaps to illustrate this, ANL 
could provide one or two examples of a 
combination of technologies that would 
substantially address P4 throughout the spatial 
extent of the OU. This might take the form of a 
‘compartment’ approach where one technology 
addresses one volumetric waste area and another 
addresses a different area to best match the waste 
and site characteristics with the technology’s 
strengths, and for each combination or technology 
indicate what amount of ‘completeness’ of 
excavation and treatment would be expected.  



The Review Team was asked to identify ETTs that “warrant 
further consideration” as stated in the Work Order. As stated 
in the response to Global Comment 2 above, the Review 
Team has tried to make clear in the Final independent review 
report that for a subset of the P4 waste present at the site, a 
number of ETTs warrant further consideration.  
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Global 4   4. EPA appreciates that ANL attempted to address 
relative cost; however, ANL did not use the most 
expensive 2011 FFS alternative as its comparison 
point. Perhaps it would be more informative to use 
more FFS alternatives as cost reference points to 
provide a range for the ETTs. That would provide 
more substance on expected costs rather than 
considering every ETT being greater than 
$81 million as is currently presented by ANL.  



See the response to General Comment 8. 



Global 5   5. ANL attempts to speak to the implications of 
RCRA throughout the document, including 
Corrective Action Management Units, Bevill 
Amendment/Exemption, and Land Disposal 
Restrictions both for off-site treatment and disposal 
and on-site treatment and (treatment residuals) 
disposal. Unfortunately, ANL’s discussion on 
RCRA is generally inaccurate, and some 
references to RCRA subsections are also incorrect. 
For example, in a number of places in the 
document, it indicates that that waste residuals 
could be treated to meet RCRA LDRs or managed 
as part of an on-site CERCLA remedy or in a 
CAMU. If subject to LDR ARAR requirements, 
short of an ARAR waiver, residuals [cannot] 
simply be managed in on-site CERCLA landfill 
without also meeting LDRs or alternatively CAMU 
treatment ARAR requirements (see for example 
Post Implementation Impacts summary on Pg. 87, 
Line 14, and on Pg.. 128). Instead of ANL 
spending time making voluminous corrections on 
RCRA throughout the document, EPA 
recommends that ANL make a simple statement 



Argonne acknowledges that EPA may interpret some of the 
RCRA implications discussed in the Draft report differently 
than Argonne. Argonne agrees to placing verbiage into the 
report that addresses RCRA complexity and potentially 
different RCRA interpretations of regulatory requirements. A 
paragraph will be added at Pg. 33, Line 36, as follows: 
 
While the FMC OU is a CERCLA cleanup site, the waste that 
may be produced as a result of active remediation at the site 
is subject to RCRA regulatory requirements. Wastes exhumed 
from the site become immediately subject to RCRA’s waste 
management requirements, as do facilities that may be used 
to treat or otherwise manage these wastes, and also residuals 
remaining if and when these wastes are treated in some 
fashion. As RCRA requirements are considered during the 
CERCLA ARAR process, it is imperative that RCRA 
requirements are adequately addressed in determining 
management requirements for wastes that are exhumed from 
the site and also for waste treatment residuals. In addition, 
and as allowed by CERCLA, EPA could, with adequate 
justification, choose to waive certain requirements through 
one of the statutory ARAR waiver approaches (see 
http://www2.epa.gov/superfund/applicable-or-relevant-and-
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early in the document (perhaps in the Guiding 
Principles section) saying that RCRA LDRs and 
requirements for Treatment, Storage and Disposal 
Facilities may be pertinent to some ETTs. ANL 
could further state that they assume these 
requirements could be met, or in the case of 
activities that occur physically at the Eastern 
Michaud Flats site EPA could choose to waive 
certain requirements through one of the statutory 
ARAR waiver approaches 
(http://www2.epa.gov/superfund/applicable-or-
relevant-and-appropriate-requirements-arars).  



appropriate-requirements-arars). Most notable of the RCRA 
requirements applicable to wastes that may be exhumed from 
the site and for treatment residuals are the RCRA LDR 
requirements, which are discussed frequently in this report. 
In accordance with these requirements, wastes determined to 
be hazardous must be treated in accordance with strict 
requirements before they can be land-disposed. RCRA LDRs 
and requirements for treatment, storage, and disposal 
facilities may be pertinent to some of the ETTs discussed in 
this report, in particular, those designed to remove the RCRA 
characteristics of ignitability and reactivity from the waste 
(i.e., address the P4) and also to address heavy metals that 
may be contained in remediation waste or in treatment 
residuals. 



Global 6   6. ANL’s connection of the IRODA’s definition of 
a CERCLA Principal Threat Waste (P4 exceeding 
1,000 mg/kg) has no connection to P4’s RCRA 
characteristic hazardous waste definition. ANL 
should note that no minimum P4 level in wastes 
has been established by EPA to define whether or 
not such wastes would be considered to meet the 
RCRA reactivity characteristic criteria. However, 
the RCRA consent decree required FMC to treat 
the P4 contaminated wastes by “permanently and 
irreversibly bonding the waste into the molecular 
structure of a solid product such that the treated 
waste will not undergo changes that cause it to 
release toxic gases in concentrations greater than 
0.3 ppm phosphine or 10.0 ppm hydrogen cyanide, 
or leach heavy metals-in concentrations greater 
than applicable LDR Universal Treatment 
Standards.” ANL may find the RCRA consent 



Argonne acknowledges that to date, the EPA has not 
established a minimum P4 level in wastes to define whether 
or not such wastes would be considered to meet the RCRA 
reactivity characteristic criteria. Argonne would observe that 
this same statement applies equally to the ignitability 
characteristic, as P4 present in wastes to a significant degree 
would render that waste both ignitable and reactive per the 
RCRA definitions of these characteristics. That said, Argonne 
believes that, should P4-containing soil and debris at the 
FMC OU be actively remediated, EPA and stakeholders will 
need to come up with a de facto definition of what would be 
considered the cutoff for ignitability and reactivity, 
specifically addressing P4 content. The treatment 
requirements laid out in the RCRA consent decree alone are 
insufficient as a definitive cutoff for P4 content and the 
RCRA characteristics of ignitability and reactivity. We note 
that simply defining phosphine and hydrogen cyanide 
emissions is inadequate as a definition for reactivity. These 
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decree requirement useful in identifying potential 
treatment goals in its assessment. Regardless, EPA 
asks that ANL include projections for each ETT on 
the extent/amount of treatment or removal, either 
qualitatively or quantitatively, based on 
information available to ANL (i.e., for excavation 
beneath the furnace building what extent of 
contaminated soil would reasonably be excavated). 



emissions are a function of many different variables, 
including temperature, atmospheric pressure, and soil 
moisture content, just to name a few. More important, these 
criteria also do not address ignitability. A more 
comprehensive definition is needed, preferably one that is 
quantitative as well as readily straightforward to implement 
(a simple analytical method). A simple concentration cut-off 
of P4 within wastes that may be exhumed is most desirable. 
This is needed to define what waste exhumed from the site 
will need to be actively remediated (i.e., treated), as well as to 
determine whether the LDR “deactivation” treatment 
requirement is satisfied. 
 
Argonne will clarify within the report the connection of the 
Interim Record of Decision Amendment’s (IRODA’s) 
definition of a CERCLA Principal Threat Waste 
(P4 exceeding 1,000 mg/kg) to P4’s RCRA characteristic 
hazardous waste definition. EPA also asks, however, that 
Argonne include projections for each ETT on the 
extent/amount of treatment or removal, either qualitatively or 
quantitatively, that would be needed. Argonne finds that it is 
difficult to fulfill this request without having first defined a 
level within the waste that would cause that waste (or 
treatment residual) to meet the RCRA definitions of 
ignitability and reactivity. The changes made in the Draft 
report are to add a new paragraph at the end of 
Section 2.5.2.2, as follows: 
 
Argonne notes that EPA has not established a minimum 
P4 level in wastes to define whether or not such wastes 
would meet the RCRA ignitability or reactivity 
characteristic criteria. Argonne’s connection of the 
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IRODA’s definition of a CERCLA Principal Threat 
Waste (a P4 concentration exceeding 1,000 mg/kg) is 
made in an attempt to establish a concentration for 
P4 in waste that would define that waste as RCRA 
ignitable and RCRA reactive. This is necessary because, 
if the P4 contaminated soil and debris at the FMC OU is 
to be actively remediated, a de facto definition of what 
would be considered the cutoff for ignitability and 
reactivity specifically addressing P4 content is needed. 
In addition, the RCRA LDRs for these characteristics, 
which specify a “deactivation” treatment requirement, 
would need to be satisfied, unless, as indicated above, 
EPA elects to waive these requirements through one of 
the statutory applicable or relevant and appropriate 
requirement (ARAR) waiver approaches. 
  
The RCRA consent decree required FMC to treat the 
P4-contaminated wastes by “permanently and 
irreversibly bonding the waste into the molecular 
structure of a solid product such that the treated waste 
will not undergo changes that cause it to release toxic 
gases in concentrations greater than 0.3 ppm phosphine 
or 10.0 ppm hydrogen cyanide, or leach heavy metals in 
concentrations greater than applicable LDR Universal 
Treatment Standards.” These treatment requirements, 
as laid out in the RCRA consent decree, are insufficient 
as a definitive cutoff for P4 content and the RCRA 
characteristics of ignitability and reactivity. Simply 
defining phosphine and hydrogen cyanide emissions is 
inadequate as a measure of reactivity. These emissions 
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are a function of many different variables, including 
temperature, atmospheric pressure, and soil moisture 
content, just to name a few; more important, however, 
these properties do not address ignitability. A more 
definitive definition is needed, preferably one that is 
quantitative as well as readily straightforward to 
implement (i.e., a simple analytical method). A simple 
concentration cutoff of P4 within wastes that may be 
exhumed is most desirable. Should the FMC OU be 
actively remediated at some point in the future, 
Argonne’s connection of the IRODA’s definition of a 
CERCLA Principal Threat Waste (a P4 concentration 
exceeding 1,000 mg/kg) to the RCRA ignitability and 
reactivity characteristics may be considered an interim 
starting point in the eventual establishment of a cutoff 
for P4 content for RCRA ignitability and reactivity (EPA 
1999). 



Global 7   7. Soil and debris at the FMC OU also contain 
radionuclides and heavy metals. ANL should 
clearly indicate metals and gamma radiation co-
contaminants co-mingled with P4 would need to be 
addressed ultimately with final disposition of 
residual materials. This in particular may add 
complexity and cost for off-site treatment or 
disposal even if ETTs address P4. 



The Review Team has noted that radionuclides and metals 
present in the waste would need to be addressed for the off-
site disposal option and for the on-site incineration ETT. Not 
mentioned is the fact that naturally occurring radioactive 
material (NORM) contamination is also relevant for an off-
site incineration ETT. Section 5.3.7.2 will be modified as 
follows (Pg. 101, Line 17): Performing a waste acceptance 
survey is outside the scope of this independent review. 
As indicated in the Case by Case Extension discussed in 
Section 5.3.7.1, the presence of NORM in the waste 
stream has, in the past, precluded some off-site facilities 
from accepting P4 waste. The Review Team has not 
determined if the NORM content would be an issue for 
off-site incinerators at the present time. However, the 
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NORM content of the P4 waste may add to the 
complexity and cost for the treatment of P4 waste and 
the off-site disposal of incinerator residuals. It is 
unknown whether waste residuals generated as part of a 
historical pond remediation program might now be 
acceptable at an off-site TSD facility.  
 
The review parameter overall discussion of advantages and 
disadvantages, Table 5-18 (Pg. 103), will be modified as 
follows: After initial treatment, additional treatment 
might be required to meet WAC at off-site disposal 
facilities. Both the initial treatment facility and any final 
off-site disposal facility may have to accept waste 
containing NORM. The NORM content of the waste may 
add to the complexity and cost. 



   General Comments (Gen.)  
1 Gen.  Suggest that ANL include a specific statement that 



this report is not a Feasibility Study and is not a 
review/critique [of] the existing RI, FS and EPA’s 
selected remedy in the Interim Record of Decision 
Amendment. 



The abstract, executive summary, Section 1.1, Summary of 
Issues at the FMC Operable Unit, and Section 8, Summary 
and Conclusions already summarize the impetus, intent, and 
the general content of the independent review. 



2 Gen.  EPA did not cross reference every citation in the 
text with the references found in Section 9. EPA 
asks ANL to ensure thorough citations of factual 
information throughout the text, and inclusion of 
those sources in Section 9. Additionally, ANL can 
assist EPA, the Tribes, and others with potential 
‘next steps’ for the FMC OU by including in its 
Response to Comments document a full list of 
references it reviewed or considered in its review, 
even if those sources were not directly cited in the 
report. In addition, EPA further requests that any 



The main assumptions that ANL has made are included as the 
guiding principles. Otherwise, the authors explicitly state if 
an assumption has been made. 
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assumptions ANL makes or uses to make 
determinations in their report be identified and 
provided in the report. 



3 Gen.  EPA would benefit from ANL insights regarding 
whether the focus of the application of ETTs 
should be on the high mass areas or the whole OU. 
ANL could then identify key CSM gaps 
introducing main ETT/combined remedy 
uncertainties that could be addressed through 
further characterization and interpretation. 



The focus on the application of ETTs is a decision best left up 
to the stakeholders. The Review Team agrees that there is 
insufficient information to remediate what is referred to here 
as “the high mass areas.” The Review Team also agrees that 
there is sufficient information to remediate P4 in other areas, 
such as areas where process knowledge can be used to 
characterize P4 waste and determine site worker hazards 
indirectly. However, there is a range of opinions among the 
four members of the Review Team on remediating other 
portions of the site. One member favors a status quo 
approach, that is, implementation of the remedy in the 
IRODA. One member feels much of the P4 in the historical 
ponds and in the RCRA ponds can and should be remediated. 
One member feels that only Pond 16S, a “RCRA pond,” or 
any RCRA pond that is actively emitting phosphine or 
damaging technology control features (liners, covers, piping, 
leachate recovery, etc.), should be remediated.  



4 Gen.  Language in the Executive Summary (ES) and 
throughout the report states that P4 waste is also 
present at the former FMC plant in waste disposal 
units that were permitted to operate under RCRA. 
This is not an accurate statement. A RCRA permit 
has not been issued for the FMC waste disposal 
units. The RCRA Ponds are being managed under 
RCRA Post-Closure Plans. FMC did file 



The text will be modified throughout to indicate that the 
“RCRA ponds are being managed under RCRA post-closure 
plans.”  
 
Pg. ES-3, Line 32, will be modified as follows: … waste 
disposal units that underwent closure under the 
Resource Conservation and Recovery Act (RCRA) and 
that are now being managed under RCRA post-closure 











 



 



H
-16 
 



 



Comment 
No. Pg. 



 
Line 
Ref. EPA Comment ANL Review Team Response 



notifications and Part A permit applications to 
achieve interim status authorization for several 
hazardous waste TSD units. However, FMC did 
not obtain interim status for a number of the Waste 
Ponds subject to RCRA because the Part A 
applications submitted for those ponds were not 
timely. Failure to comply with applicable RCRA 
requirements was the basis for an EPA 
enforcement action that resulted in a Consent 
Decree that was entered by the court in 1999 
requiring the waste disposal units subject to RCRA 
to close.  



plans.  
 
Pg. 14, Line 7: Section 2.3 will be modified as follows:  
… waste disposal units that are being managed under 
RCRA post-closure plans. P4 waste is also present in 
portions of the plant that were not regulated under 
RCRA… 



5 Gen.  Language in the ES and throughout report states 
that that waste units subject to RCRA underwent 
closure prior to plant shutdown in 2001. This is not 
accurate. A number of the RCRA ponds were not 
closed until well after 2001.  



The modifications suggested for Global Comment 4 above 
will address this comment.  



6 Gen.  The Draft report contains several statements 
pointing out that the CSM is not well constrained 
because few borings have been advanced in areas 
of subsurface elemental phosphorous. EPA agrees 
and believes that important contextual information 
should be included when stating that the 
nature/extent of subsurface P4 has not been well 
characterized. The report should affirm that health 
and safety concerns, which have discouraged 
boring through pyrophoric P4, are genuine, and 
thus additional characterization efforts would be 
very challenging or, alternatively, describe how 
characterization of the subsurface elemental 
phosphorous mass could be accomplished safely. 



See the Response to Global Comment 2. 
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7 Gen.  The “overall discussion of advantages and 
disadvantages” of each ETT within the assessment 
tables (e.g., Table 5-3) contains a wealth of useful 
information. Each of the advantages and 
disadvantages should be “bulleted” or otherwise 
clearly delineated to make this information easier 
for the reader to digest.  



The Review Team will modify the noted tables and use 
bullets as suggested when the information can be summarized 
in that way. 



8 Gen.  Each ETT evaluated appears to have high cost as a 
disadvantage in the assessment tables. The phrase 
consistently used is “This ETT would likely 
exceed the $81.6 million net present value cost for 
Soil Alternative 4, the most expensive soil 
alternative evaluated in the Supplemental 
Feasibility Study (MWH 2010).” This statement 
neglects to recognize Alternatives 5 through 7, 
which were developed to varying degrees during 
and following the Supplemental FS process, are 
contained in the Administrative Record, and were 
presented in the September 2010 Proposed Plan. 
Alternatives 5 through 7 all included varying 
degrees of excavation and treatment using the most 
promising excavation and treatment technology, 
caustic hydrolysis. These alternatives have an 
estimated net present value cost of $405 million to 
$950 million, based upon high, medium, and low 
volume estimate assumptions about the (largely 
uncharacterized) mass of subsurface P4. ANL may 
choose to include Soil Alternatives 4–7 as cost 
comparison points for its ETTs. 



In the description of the review and evaluation parameters 
(Table 3-1), “Limitations,” a discussion will be added to the 
table with the following explanatory note: The Work Order 
directed the Review Team to not include CERCLA’s nine 
evaluation criteria, one of which is cost, as evaluation 
parameters. However, EPA and the Tribes agreed that cost 
could be included in the content of the review and evaluation 
parameter referred to as “Limitations.”  
In the text below Table 3-1, the following is included: 
Cost as a limitation factor has been included to allow a 
rough order of magnitude (OOM) comparison with the 
ETTs evaluated. The net present value (NPV) cost of 
Alternatives 5 through 7 in the September 2010 
Proposed Plan (which included excavation and 
treatment) is an estimated $405 million to $950 million, 
based upon high and low volume estimate assumptions 
about the (largely uncharacterized) mass of subsurface 
P4 (EPA 2010). Since some ETTs also involve 
excavation followed by treatment, the NPV determined 
for Alternatives 5 through 7 provides a comparable 
OOM estimate. 
 The Review Team will remove the noted language about the 
feasibility study from all discussions of advantages and 
disadvantages in each ETT table and include this language in 
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the review and evaluation parameters under limitations for 
each ETT as follows: The NPV estimate for Alternatives 5 
through 7 in the September 2010 Proposed Plan would 
be a comparable OOM estimate to implement this ETT.  



9 Gen.  Some ETTs include recovery of marketable 
elemental phosphorous and others do not. This is 
generally described in the report and assessment 
tables. EPA suggests that an additional table 
summarizing relative P4 recovery by ETTs would 
be helpful. 



Recovery rates for P4 waste would be waste-specific and 
technology-specific. Recovery rates for P4 are unknown, so it 
would be difficult to create a table summarizing relative 
P4 recovery by an ETT. 



10 Gen.  The Draft report clearly describes the uncertainty 
surrounding the specific retention (Pg. 13, Line 21) 
of liquid elemental phosphorous, and methods 
which could be used to constrain that uncertainty. 
However, the significance of this uncertainty when 
assessing different ETTs is not entirely clear. EPA 
suggests a table be developed which identifies 
ETTs where a reduction in uncertainty about 
specific retention would make a significant 
difference when implementing the ETTs. 



A portion of the discussion of specific retention on Pg. 13 
(Lines 24 to 46) will be moved to the section on in situ 
technologies to make it clear that uncertainties surrounding 
specific retention would only be applicable for the in situ 
technologies.  



11 Gen.  ANL seems to dismiss in situ technologies in its 
evaluation because the distribution of subsurface 
P4 is largely unknown for health and safety 
reasons. The implication is that in situ technologies 
might hold promise if the distribution of 
subsurface P4 could be characterized with a higher 
degree of certainty. Per ANL Table 6-1, there are 
no known successful in-situ P4 treatment examples 
of any scale ever successfully demonstrated. If 
there were any examples, it might better support 
the need to refine the CSM. This rationale 
underscores the importance of stating clearly 



In Section 6.2.1, the Review Team points out uncertainties 
about two different things: uncertainties about the CSM and 
uncertainties about the in situ technologies themselves. The 
Review Team did not mean to imply that in situ technologies 
would automatically hold promise if the CSM uncertainties 
were eliminated. In fact, during the September 21, 2015, 
presentation of the Draft independent review report, one 
member of the Fort Hall Tribal Council indicated that a 
heated injection well located at the west end of the Furnace 
Building was used to dispose of waste P4. An online database 
of wells was searched for a possible injection well(s) at the 
west end of the Furnace Building (Idaho Department of 
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whether or not subsurface P4 waste can reasonably 
be safely characterized. 



Water Resources 2015); however, the data in this source are 
only as recent as 1992, so the possibility of an older injection 
well could not be confirmed. The potential presence of a 
P4 injection well adds to the uncertainty about the 
contaminant CSM. In addition, on pages 122 and 123, six key 
in situ technology-specific uncertainties have been 
highlighted. These uncertainties are based on the best 
information available. 
 
In response to the comment about successful in situ 
P4 treatment examples: 
 
Table 5-1: Process maturity will be modified as follows: 
Mature for remediation of some waste. The potential 
application of the technology for P4 waste is conceptual 
only.  
Table 5-3: Process maturity will be modified as follows: 
Mature for broadly defined solvent leaching. Immature 
for use of food oils. Application of the technology to 
address P4 waste is conceptual only.  
Table 5-6: Process maturity will be modified as follows: 
Mature, but the technology has never been applied to 
P4 waste.  
 
The CSM suggests that P4 beneath the former Furnace 
Building exists as almost a single large mass. That 
contaminant CSM may or may not be true. The contaminant 
CSM is a key first step in even conceptualizing, let alone 
evaluating, in situ technologies. The Review Team will 
include the following language on Pg. 122, Line 3, after “best 
guess”: 
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The inferred contaminant CSM may or may not be true. 
The P4 may also have behaved like a dense nonaqueous 
phase liquid (DNAPL) and be present as DNAPL-like 
“ganglia”; blobs; and smear zones in a more 
widespread, dispersed contaminant mass than is 
depicted. Such a dispersed contaminant distribution may 
be more amendable to treatment using in situ ETTs. 
However, since there have been only limited attempts to 
characterize subsurface P4 because of investigation 
worker health and safety concerns, it is difficult to 
identify and evaluate in situ ETTs. 



12 Gen.  A Glenn Springs (Occidental Petroleum) site is 
described and used as an example (e.g., Table 6-1) 
in more than one part of the report, but its location 
is not provided. The location of each P4 cleanup 
site described or used as comparisons should be 
included.  



Pg. 29, Line 20, will be modified to reference Ducktown, 
Tennessee. The locations of other P4 sites are included in 
this summary.  



13 Gen.  The summary and conclusions state that “The 
Tribes favor the permanent removal and/or 
treatment of contaminants.” Yet information in the 
Draft report suggests that none of the ETTs will 
permanently remove or treat all contaminants. The 
Final report should indicate whether there is the 
potential to fully remove or treat the P4 to provide 
clarity on how well a remedy could be responsive 
to what the Tribes favor.  



Because the P4 cleanup level seems to be fluid, the Review 
Team discussed several potential P4 cleanup levels and/or 
ways in which the cleanup levels might end up being derived. 
As a result, the success of a treatment can only be discussed 
in a general sense. Whether or not a given ETT can fully 
remove or treat the P4 is included in the review and 
evaluation parameters. Also discussed in the review and 
evaluation parameters and in the discussion on each ETT is 
whether other constituents of concern like metals and 
radionuclides would need to be addressed post-P4 treatment. 
In addition, as discussed in the abstract, executive summary 
and main text, the Review Team believes that ETTs in 
combination could be used to treat a subset of the P4 waste 
present at the site, but not all of the P4 waste.  
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14 Gen.  ANL stated plainly during their September 21, 
2015, presentation to the Tribes and EPA OSRTI 
that it relied on the same data as other parties 
(EPA, FMC, their respective consultants); 
however, ANL arrived at different conclusions 
regarding a key issue: can P4 in soil be safely 
excavated? ANL concluded P4 could safely be 
excavated at the FMC OU. ANL should make sure 
it clearly communicates that conclusion in the 
report. It would also be helpful if ANL gave a few 
specific examples of divergence on the excavation 
safety issue (e.g., is it practical to use temporary 
structures to contain and manage combustion 
gases?). 



In Section 4, Lines 10-13, the Review Team states, as a 
guiding principle: 



• It appears that technologies to safely excavate, size, 
create waste feed materials, and temporarily store 
P4 waste in preparation for treatment in a 
“downstream” ETT exist (hereinafter, these are 
called “ancillary technologies”). 



 
The following language will be added on Pg. 34, Line 9: In 
reference to a key issue — whether P4 can be safety 
excavated — the Review Team arrived at different 
conclusions than other parties. On the basis of a review 
of information, it appears that a subset of the P4 waste 
present at the site can be safely excavated. There 
appears to be a history of sludge removal from the 
ponds at the FMC plant. In the FMC response included 
in Appendix E of the independent design review report, 
there are several references to excavation. Appendix E 
describes both dredging and mechanical excavation 
activities involving Ponds 8s, 8e, and 9e, Pond 15s, and 
Pond 18. Furthermore, the LDR WTS was designed to 
treat sludge dredged from Pond 8s. The Pond 8s dredge 
was designed as a component of the LDR WTS. In an 
EPA-authored reference, reclamation processes 
consisting of excavating pond materials is described as 
having occurred at historical Ponds 1s, 2s, 3s, 9s, 2e, 
and 4e (EPA 2003).  
 
The excavation of P4 is also addressed at other P4 
plants. The Clarifier Treatability Study Phase 3 Report 
on the Rhodia/Solvay Site, Silver Bow, Montana (which 
was not available when the IRODA was prepared) 
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contains a description of the removal of clarifier sludge 
from the clarifier by use of a Cat 320 excavator 
(Franklin Engineering Group 2012). Also of interest is a 
description of mechanical excavation in the Phase 1 
report on the same Rhodia/Solvay clarifier. 
“Conventional earth working equipment, such as 
tracked excavators, back hoes, and clam shells, can be 
used to excavate the solidified sludge and transfer it to a 
shipping container or processing system. With careful 
operation, the phosphorus can be transferred with a 
water cover in the bucket to minimize mass burning” 
(Franklin Engineering Group 2007). 



15 ES-2 4 Timeframes are attached to “readiness” of various 
technology groups (i.e., within 1 year, 1–2 years, 
etc.). It is not clear where these numbers came 
from or what is being referred to as “readiness.” 
While the document acknowledges that 
“readiness” depends on many factors, including 
stakeholder input, permitting, and remedial 
construction requirements, it underestimates the 
administrative process and time necessary for any 
of these technologies to be “ready” to implement at 
the FMC site. Further, the CERCLA permit 
exemption would apply to CERCLA cleanup 
activities at the FMC OU and thus should not be 
included in the “readiness” calculation. In addition 
to the factors listed, the report indicates that all 
ETTs will require additional site characterization 
and engineering designs. The report should provide 
how these estimates were developed and what 
impacts the “readiness” estimates have for 
different technologies. Do some have a longer 



The Review Team agrees that the concept of “readiness” 
needs to be discussed further in the independent review 
report. The EPA notes that the independent review report 
underestimates the administrative process and time necessary 
for these technologies to be ready, while noting that the 
permit exemption would apply to CERLCA cleanup activities 
(which would speed up remedy implementation). While it is 
true that CERLCA permit exemptions apply to CERCLA 
cleanup activities, given the stakeholder involvement at the 
site, the administrative component needed to come to an 
agreement on any remedy different than the IRODA would 
likely involve a long lead time. In addition, the CERCLA 
permit exemption would not apply for ETTs with an off-site 
component.  
 
Pg. 136, Line 6, will be amended as follows: After “in 
Table 7-1”: 
 
Readiness in this case is an estimate based on best 
professional judgment. The timespans noted for 
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“readiness” time because additional research and 
development is required? Suggest putting specific 
duration estimates for major process steps to give a 
more accurate picture of the full time horizon to 
implement these various ETTs. For example: 
 



• CSM refinement – X to Y years 
• Treatability/pilot testing (if necessary) – X 



to Y years 
• CERCLA remedy evaluation and selection 



process, including public input – X to Y 
years 



• Remedial design – X to Y years 
• Contract procurement and remedial action 



work plan development – X to Y years 
• Remedial action implementation – grouped 



or listed with “X to Y years” estimates for 
each ETT 



readiness are most useful when comparing ETTs to each 
other in that some ETTs probably require more 
preparation time before implementation than others. 
The accuracy of the timespan estimate is best for the 
“near-term” readiness category. For example, the near-
term category (within 1 year) is estimated to be correct 
for technologies with real-world examples that are 
available currently. By way of example, as noted in the 
text, P4 waste from FMC and other sites has been 
mechanically excavated, containerized, and shipped off 
site for treatment in an off-site incinerator. Accuracy 
decreases for the mid-term and the long-term readiness 
category. ETTs that could be readied in the mid-term 
would require a longer preparation time because the 
ETTs (dredging or the pipe cleaning technologies) 
would likely require a water component involving 
modification and operation of the P&T system (to 
provide access to a water source) and preparing 
containment features to allow for the excavation 
footprint to be flooded. ETTs in the long-term readiness 
category are assumed to require a longer lead time to 
address design and approval requirements and waste 
acceptance criteria.  



16 ES-2 20 The interim ROD Amendment issued in 2012 was 
for the FMC Operable Unit only, not the Eastern 
Michaud Flats Superfund site. 



The Work Order to ANL included a mention of both Eastern 
Michaud Flats and the FMC OU. Any reference to the 
Eastern Michaud Flats Superfund site will be modified to 
include a mention of the FMC Operable Unit. 



17 ES-2 22 The 2010 RI/FS should be identified as the 
Supplemental RI/FS to avoid confusion with the 
RI/FS completed in 1998. 



The text will be changed as follows: Supplemental Remedial 
Investigation Feasibility Study – Supplemental RI/FS and/or 
Supplemental FS.  



18 ES-3 27 In paragraph 2, and in several other places in this 
report, the statement is made that the buried 



The Review Team did rely on Appendix B of the 
Supplemental FS. Language in Section 5.5.2.1 will be 
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railcars are suspected to contain nearly pure P4. 
This is not consistent with documentation available 
in the administrative record. All documentation 
that is available on the location and potential 
disposition of the railcar(s) is summarized in 
Appendix B of the Supplemental FS and should 
be referenced. There is no evidence in the 
administrative record as to the condition or content 
of the railcars when buried. ANL may choose to 
identify disagreements between the [administrative 
record] and other information sources on this topic; 
however, sources should be cited. In addition, this 
point was also challenged by the Tribes at the 
Tribal Business Council meeting by a tribal 
member who is a former FMC employee. 



changed as follows: 
Twenty-one railroad tank cars are present in RU 19c, which 
is about 2.7 acres in size and is located in the center of the 
slag pile (RU 19). The railcars were placed at the then-
southern edge of the slag pile in 1964 and were covered with 
native soil. The amount and purity of the P4 sludge 
present in the railcars are uncertain. As reported in 
Appendix B of the Supplemental FS, the sludge was 
nearly pure (95% P4), and the capacity of the railcars 
was 10% to 25%. Here is language from Appendix B of 
the Supplemental FS:  
 
“1.3.3 Description of P4 Sludge Generation and 
Management 
P4 was typically very pure, white phosphorus. However, 
due to a number of process variables, ore, silica and/or 
coke dust, along with other condensables would pass 
through the electrostatic precipitator in trace amounts 
and end up with the liquid P4 product. These insolubles 
would rise to the top of the liquid P4 as it was stored in 
a liquid state and eventually concentrate to form what 
was referred to as P4 sludge. The sludge typically ranged 
from 75 to 95% P4. The P4 sludge was much more 
viscous and would not easily pump from the sumps and 
tanks. Therefore, over time P4 sludge would build up 
within the storage vessels and railcars.” 
 
And as reported in Section 2.2.2 of Appendix B:  
“2.2.2 Contents of the Railcars 
As described in Section 1.0, it is expected that the 
railcars contain about 10 to 25% of their total capacity 
as P4 sludge. However, it is not known if the railcars 
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were filled with water or nitrogen prior to 
transportation to the slag pile area for burial.” 
 
Ironically, the information in Appendix B of the Supplemental 
FS conflicts with the information that summarizes the 
contents of the railcars in the main body of the same 
Supplemental FS report: The Supplemental FS reports in 
2.3.3.4 Railroad Cars in Slag Pile (RU 19c) “that the 
railcars contain an estimated 10 to 25% P4 sludge.” Also 
included in the main body of the Supplemental FS is the 
following: “Summary of Pertinent SFS Information for RU 
19c:  



• P4 concentrations of the sludge within the railcars 
range from 10 to 25%”  
 
It appears that the main text of the Supplemental FS 
transposed the percentage of capacity and the percentage of 
purity.  
 
Sludge resulted from both the manufacturing process and 
from shipping P4 in railcars…. 
 
Any reference to pure or nearly pure P4 will be changed to 
“concentrated” or “potentially highly concentrated.” 
 
Pg. 113, Line 19, will be modified as follows: The conflict 
regarding the relative purity of the P4 present in the 
railcars (25% vs 95%) is another uncertainty that could 
be resolved if the abandoned railcar CSM is refined in 
the future  
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19 ES-3 28 The document states that “elemental phosphorus in 
various forms may have affected the native soils at 
the site.” There is direct evidence that P4 has 
indeed impacted native soils. 



“May” will be changed to “has.”  



20 ES-3 34 The assumption regarding obtaining all water from 
the groundwater pump-and-treat system may not 
be accurate due to treatment volumes and water 
right issues. The extraction and treatment rate 
target will be established during Remedial Design; 
600 gpm may be a reasonable assumption. ANL 
should indicate about how much water would be 
needed for each technology. 



The amount of water required for each technology is 
unknown. The Review Team has inferred that a 600-gpm 
flow would probably be sufficient to be incorporated into a 
phased excavation approach, wherein water could be used to 
flood a portion of a historical pond footprint in order to allow 
hydraulic dredging to occur, for example.  



21 ES-3 35 The statement is made that the review team did not 
evaluate impact of the RCRA ponds on potential 
“implementability” of the ETTs. ANL should 
make sure the Phase 1 Independent Review scope, 
and the intentional ‘exclusion’ from the ANL 
Phase 1 work, is clearly communicated for the 
reader, preferably in the beginning of the 
document. 



On Pg. ES-3, Lines 35 and 36, the Review Team states that 
the independent review did not focus on the closed disposal 
sites that were regulated under RCRA. The reference to the 
ability to implement is included in the independent review 
because the Review Team did not evaluate moving, or 
shoring up, a RCRA pond in order to gain access to a 
historical pond.  



22 ES-4 28 ANL should provide and discuss their rationale for 
determining that the location, quantity, and 
concentration of P4 in the soil and fill throughout 
the OU in 2015 present the same or different 
hazards than the original manufacturing process 
where conditions were somewhat controlled. It 
may be useful if ANL reviews and refers to how 
this issue was documented in the Supplemental 
FS, particularly if ANL has arrived at different 
conclusions. 



The Review Team makes this statement because documents 
examined by the Review Team suggest that during routine 
P4 manufacturing operations activities somewhat similar to 
the tasks required for remediation workers were performed. 
Furthermore, during the presentation given by the Review 
Team to the Tribes on September 21, 3015, attendees at the 
meeting who worked at the former FMC plant indicated that 
some activities performed by plant workers would probably 
be similar to the activities required for the performance of site 
remediation. For example, surface impoundments containing 
P4 waste were periodically excavated or dredged, and railcars 
containing P4 and P4 sludge were periodically cleaned out.  
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23 ES-5 38 Based on the information presented throughout the 
report, all ETTs would present significant safety 
and cost issues. Suggest that the report describe in 
greater detail what makes these issues even more 
of a concern for in situ technologies. 



The language on Pg. ES-5, Line 38, will be altered as 
follows: The significant cost and safety issues would 
primarily be associated with the need to refine the CSM 
and to perform bench- and pilot-scale studies.  



24 ES-6 1 This last sentence seems to be in conflict with 
other statements throughout the document that 
indicate several ETTs warrant further 
consideration despite the acknowledged 
uncertainties with the CSM. 



The noted sentence is referring to the abandoned railcars.  



25 ES-6 9 It seems that all of these ETTs would need to be 
coupled with other technologies, not just 
“containment technologies.” 



Pg. ES-6, Line 7: The phrase “coupled with other 
technologies” will be removed.  



26 ES-6 35 It would be helpful if the report included more 
specific information about the potential impacts to 
community health and safety, the environment, 
schedule, and costs. 



The Review Team includes information about potential 
impacts to community health and safety and the environment 
in the discussion about each ETT in the tables documenting 
review and evaluation parameter results.  



27 1 10 The ANL report states: “Operating from 1949 until 
2001, FMC (or predecessor P4 manufacturers) 
processed about 1.4 million tons of shale ore per 
year, about 250 million lb of P4 per year, and more 
than 26,455 lb per year of ignitable and reactive 
hazardous waste (Figure 1-1). The FMC plant 
closed in 2001.” This appears to be orders of 
magnitude lower than the amount cited in some of 
the reference documents, and even ANL Table 2-1. 
Is the waste generation rate on Page 1 a typo? 
Please cite and verify the P4 waste mass generation 
figure. For example, the EPA 2003 report on 
treatment technologies indicates in Table 1-1 the 
historical ponds alone contain nearly 108,000 
cubic yards of “phossy waste” that was placed 



The values in the section came directly from the July 1, 2014, 
Work Order prepared by EPA and the Tribes (in deference to 
EPA and the Tribes). These values are somewhat similar to 
values noted in the FMC Idaho web site, which reports that in 
a typical year, with all furnaces operating, 1.75 million tons 
of raw shale/coke and silica were processed into 250 million 
pounds of elemental phosphorus (see http://fmc-
idaho.com/plant-history/). The Review Team will modify this 
discussion (retaining the 1.4 million ton reference, since this 
is the amount of shale ore processed, not shale ore/coke and 
silica) and will make clear that the product P4 was produced 
at a rate of 250 million lb/year. The Review Team will 
remove the reference to 26,455 lb/year of ignitable and 
reactive waste, as that value cannot be corroborated with a 
reference.  
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1954-1981. Using an assumed density of 1.4 tons 
per cubic yard, this would be over 11 million 
pounds of phossy waste per year. Supplemental RI 
Report (FMC 2009), Table 4-2 is another good 
resource and is more comprehensive than the EPA 
2003 report. If the waste generation per year was 
orders of magnitude more than ANL cited, it may 
be necessary to revise the ETT report to reflect 
waste volumes requiring excavation or treatment 
and the corresponding ETT assessments to reflect a 
much larger waste stream.  



 
Pg. 1, Lines 9–12, will be replaced with this language:  
 
Operating from 1949 until 2001, FMC (or predecessor 
P4 manufacturers) processed about 1.4 million tons of shale 
ore per year, produced 250 million lb of P4 per year, and 
generated about 1,360,000 tons of hazardous waste per year 
(FMC 2000) (Figure 1-1). The FMC plant closed in 2001.  



28 2 32 The technical team has experienced professionals 
with various areas of expertise, including 
hydrogeology, geochemistry, and warfare agents. 
The team would have been greatly enhanced with 
an inorganic chemist or chemical/munitions 
engineering discipline with specific experience 
with P4 who could focus strictly on the 
P4 treatment/neutralization options. If this 
expertise was missing from ANL’s team, it would 
be useful if ANL indicated whether bringing this 
expertise forward for potential follow-on activities 
would be appropriate. 



The Review Team includes a PhD geochemist: Dr. Jim 
Jerden. In addition, as it happens, the Review Team includes 
Todd Kimmell, Senior Scientist, Argonne. Mr. Kimmell has 
participated in a number of National Research Council 
committees (as both a participant and as a chairman) involved 
in chemical weapons demilitarization. Mr. Kimmell worked 
on a remedial investigation/feasibility study of a P4 disposal 
site. The Work Order specifies that there is no commitment 
by stakeholders for the involvement of ANL in follow-on 
activities.  



29 9 21 “Since P4 oxidizes almost instantaneously upon 
exposure to air (except at low temperatures), red 
phosphorus and, in some cases, compounds 
containing phosphorus are also present.” This 
sentence does not  make sense. Suggest revising to 
clarify the point.  



The language in Lines 20–23 will be changed to: The P4 
that is present in the soil at the site could be 
encountered at various concentrations, ranging from 
just above the analytical detection limit to its nearly 
pure state. Since P4 oxidizes almost instantaneously 
upon exposure to air (except at low temperatures), 
oxidation by-products, such as red phosphorus and, in 
some cases, phosphate minerals, are probably also 
present.  
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30 9 26 Location of the buried railcars is RU-19c not 22c. 
Also, the content of the railcars and how they came 
to be located in the slag pile should be based on 
cited references. ANL may also choose to qualify 
this information, as there may be a different 
understanding among EPA, the Tribes, and FMC 
regarding the history and nature of the railcar 
waste. 



The RU designation and the information source will be 
changed/added for RU 22c as follows: The buried railcars 
in RU 19c are reported to contain P4 sludge with 
concentrations ranging from 75% to 95%, as reported 
in Appendix B of the Supplemental FS, or P4 sludge 
concentrations ranging from 10% to 25%, as reported 
in the main text of the Supplemental FS (MWH 2010).  



31 10 1 Table 2-1: Please provide a source for all 
information (mass, concentration, depth) in this 
table.  



The source for Table 2-1 is the following: MWH 2010, 
Supplemental Feasibility Study Report for the FMC 
Plant Operable Unit, Vol. 1, Report, for FMC Idaho LLC, 
Pocatello, Id., July (see 
http://www.epa.gov/region10/pdf/sites/ 
emichaud/fmc_sfs_report_july2010.pdf).  
 
Pg. 10, Table 2-1, will be modified as follows to provide the 
table source: Supplemental FS MWH 2010.  
 
A row will be modified in the table to indicate that the railcar 
RU is 19c, the acreage is 2.7 acres, and footnote b will be 
modified to indicate the following: Appendix B of the 
Supplemental FS reports a percent concentration ranging 
from 75% to 95%.  



32 10 2 Include subtotal of area and volume for groupings 
of similar wastes, then a grand total. That will help 
the reader see the quantity of waste against which 
ETTs are compared. FFS (2010) Pg. 6-7 says 
780,122 cy, with 5,050–16,380 tons of P4. 
 



Pg. 9, Line 39, will be amended as follows: The distribution 
of the P4 waste present at the site is roughly as follows: 
About 10,870 tons of P4 waste with P4 concentrations 
ranging from 0.25% to 20% are present in about 
482,224 yd3 of fill. The more concentrated P4 waste 
present in the capillary fringe, the railcars, and 
underground piping contains about 7,500 tons of P4 
waste with P4 concentrations greater than or equal to 
20% present in 2,800,000 yd3 of fill. A figure depicting 
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this breakdown will be added to the text as well. Figure 2-2 
depicts the mass of P4 present in the historical ponds 
and railroad swale in relation to the mass of P4 present 
in the railcars, piping, and capillary fringe. Existing 
figures will be renumbered accordingly.  



33 13 5 It would be useful to have a better word describing 
the magnitude of the temperature than “much 
warmer.” 



Text on Pg. 13, Lines 4 and 5, will be modified as follows: 
Since molten slag was periodically tapped from the 
electric arc furnaces and drained to a slag pit, any P4 
that escaped from the Furnace Building was probably 
warmer than the melting point of P4 (FMC 2009) 



34 13 8 Do we have a model estimate from previous 
reports? 



The text in Pg. 13, Line 8, will be modified as follows after 
capillary fringe: The 44°C isotherm was modeled by 
investigators (FMC 2009). Presumably, the depiction of 
P4 subsurface presence and migration in Figure 2-4 is 
based on that model.  



35 14 1 The first two sentences are confusing and 
misleading. The Bevill amendment/exemption 
from RCRA regulation process wastes from the 
beneficiation of minerals and ores. The Bevill 
exemption for waste generated during the 
production of P4, except furnace off gas solids, 
ended on March 1, 1990. The exemption for 
furnace off gas solids ended on July 23, 1990. 
Upon the lifting of the Bevill exemption, 
beneficiation wastes that were hazardous waste 
were subject to RCRA regulation. Exempt wastes 
disposed of prior to the lifting of the Bevill 
exemption would not be subject to RCRA 
(provided not subsequently managed in a way that 
triggers RCRA) but can be and are being addressed 
under CERCLA. Again, no permit was issued for 
FMC waste disposal units. Failure to comply with 



Argonne agrees that the first two sentences of this paragraph 
may be misleading in light of the Bevill amendment and 
exemptions. This section has been rewritten to report that 
portions of the site are regulated under RCRA post-closure 
plans, and portions of the site are regulated CERLCA, as 
amended. A footnote is added at the end of the second 
sentence as follows: 
 
The former FMC plant is regulated under both RCRA, 
as amended, and CERCLA, as amended. P4 waste is 
present at the former FMC plant in waste disposal units 
that are being managed under RCRA post-closure plans. 
P4 waste is also present in portions of the plant that 
were not regulated under RCRA (hereinafter called non-
RCRA areas) but that are regulated under CERCLA, as 
amended. This independent review did not focus on the 
closed disposal sites that are regulated under RCRA 
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applicable RCRA requirements was the basis for 
EPA enforcement action that resulted in a Consent 
Decree that was entered by the court in 1999 
requiring the waste disposal units subject to RCRA 
to close. 



post-closure plans. In some cases, the closed RCRA 
units are on top of or adjacent to the non-RCRA areas 
(Figure 2-5). The Review Team did not evaluate whether 
or not the proximity of the non-RCRA areas to the 
closed disposal sites regulated under RCRA would affect 
the ability to implement the ex situ ETTs discussed in 
this independent review. 
 
RCRA regulation of process wastes from the 
beneficiation of minerals and ores is affected by the 
Bevill amendments and exemptions. The Bevill 
exemption for waste generated during the production of 
P4, except furnace off-gas solids, ended on March 1, 
1990. The exemption for furnace off-gas solids ended on 
July 23, 1990. Upon the lifting of the Bevill exemption, 
beneficiation wastes that were hazardous waste were 
subject to RCRA regulation. Exempt wastes disposed of 
prior to the lifting of the Bevill exemption would not be 
subject to RCRA (provided they are not subsequently 
managed in a way that triggers RCRA) but can be and 
are being addressed under CERCLA. (See 
http://www3.epa.gov/epawaste/nonhaz/industrial/special/h
ttp://www3.epa.gov/epawaste/nonhaz/industrial/special/ 
for details.) 



36 14 17 In the IRODA subsection, or in a new Section 2 
subsection, [summarize] what technologies were 
previously screened by EPA per the documents 
ANL reviewed. This will help contextualize the 
new work performed by ANL. 



Argonne agrees that it would be good to identify other 
alternatives considered. However, this will add text to the 
report without changing conclusions or recommendations. A 
sentence is added before the last sentence of this paragraph, 
on Line 28, as follows: Pg. 16, Line 10 
 
Additional alternatives previously screened and 
considered by EPA may be reviewed by examining the 





http://www3.epa.gov/epawaste/nonhaz/industrial/special/
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IRODA (IRODA; EPA Region 10 2012a). 
37 21 22 Add radionuclides. Language will be added to reflect the fact that radionuclides 



are present, but are not regulated under RCRA: …to address 
heavy metals and radionuclides (although radionuclides 
are not regulated under RCRA). 



38 21 42 The statement that FMC site is a CERCLA site, not 
a RCRA site, is incorrect. It is also a RCRA site. 
The RCRA ponds are subject to RCRA 
requirements. The CERCLA FMC OU does not 
include the RCRA ponds. 



The language in Line 42 will be changed as follows:  
 
The FMC site is regulated under both RCRA and 
CERCLA. The CERCLA FMC OU does not include the 
portion of the site regulated by RCRA post closure 
plans, the so-called “RCRA ponds.” However, the 
CAMU-option may be brought in to the CERCLA action 
through ARARs. Management of remediation waste…. 



39 22 19 Regional screening levels are not cleanup levels. 
At times for site-specific reasons they may be used 
as the basis for cleanup levels, but they are not in 
and of themselves cleanup levels. If no regulatory 
level exists, a site-specific risk assessment would 
need to be conducted to develop risk-based 
cleanup levels for various exposure scenarios. 



The language in Line 18 will be modified as follows: EPA 
Regions 3 and 9 have established regional screening 
levels that can serve as the basis for the development of 
cleanup levels.  



40 22 31 Statement that that RSLs are below presumed 
RCRA characteristic cutoff needs to be revised. 
See comments above on presumed cutoff level. 



The language will be modified as follows: As can be seen, 
these human-health-based RSL levels for P4 are 
probably lower than the levels below which the waste 
would be considered to meet a RCRA ignitability or 
reactivity characteristic.  
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41 22 42 The statement that RSL could be considered an 
ARAR is not accurate, as RSLs are not standards, 
requirements, criteria, or limitations under federal 
or state environmental law. Therefore, they are not 
ARARs. 



The language will be modified as follows: Nevertheless, the 
RSL would be a “To Be Considered” but not an ARAR 
under CERCLA, since RSLs are not standards, 
requirements, criteria, or limitations under federal or 
state environmental law.  



42 24 44 The document states that health and safety 
concerns would be no greater than those during 
original industrial process. ANL should indicate 
that they have taken into account the unknown 
location and concentrations of P4 in the 
environment. A basis or rationale for this 
assumption or statement should be provided. 



Pg. 44, Lines 41 and 42 will be modified as follows: in 
Remedial Action (RA) units where hazards are 
understood (for example, RA units such as the historical 
ponds where process knowledge can be used to establish 
site worker risks), concerns for worker exposure during 
active remediation efforts would be no greater than 
those for exposure during the original industrial 
processes for producing, packaging, transporting P4 
and for managing soil and debris created as a result. 
For those RA units where process knowledge is absent 
and where the CSM is not refined, there would be 
greater site worker risks. Nevertheless appropriate…. 
 
Pg. 44, Line 46, after “OSHA”: Where site worker risks 
are not well understood (for example, if subsurface 
samples potentially containing P4 are collected during 
any future CSM refinement activities), unknown hazards 
would need to be addressed accordingly with 
conservatively safe PPE, monitoring, and sampling 
approaches to comply with OSHA.  



43 27 23 This line appears to contain an extra word 
(“sources”). 



The second instance of “sources” will be removed.  



44 28 17 The FMC facility closed in 2001, not 2011.  2011 will be changed to 2001.  
45 28 35 Tribal government should be added.  The Tribal Government will be added. 
46 28 46 The planned capping and gamma cover remedies 



are not ETTs, so unless capping/containment was 
contemplated by ANL for off-site disposal, it 



Comment noted. 











 



 



H
-34 
 



 



Comment 
No. Pg. 



 
Line 
Ref. EPA Comment ANL Review Team Response 



would appear out of scope to evaluate cap and 
cover. 



47 29 20 Should this be Occidental Petroleum/Glenn 
Springs, Ducktown, TN? 



The bullet on Pg. 29, Line 20 is revised to read as follows: 
Occidental Petroleum, Glenn Springs, Ducktown, 
Tennessee. 



48 33 8 Suggest that ANL incorporate discussion of the 
three key guiding principles (enough water, can 
safely excavate/handle P4, worker safety issues 
with ETT are comparable with FMC facility 
operations safety issues) explicitly with each 
technology.  



The Review Team makes references to the elements that 
make up the guiding principles, at least implicitly, in the 
discussion and review and evaluation table content for each 
ETT.  



49 33 22 The design extraction rate for the P&T has not 
been finalized but is estimated to be around 
600 gpm. Are there any ETT scenarios where this 
flow rate would be insufficient? 
 



Pg. 33, Line 25. A footnote will be added to indicate the 
following: Water use would mainly be required to 
manage the risks associated with excavation (whether 
by mechanical or by hydraulic means). As a result, the 
removal of P4 waste and processing by ancillary 
technologies could proceed in phases dictated by water 
requirements (should water requirements be a limiting 
factor).  



50 35 16 Statement is made that soil and debris could be 
“triaged,” and some P4 waste would not require 
treatment. How would this determination be made? 
And provide a rationale for this statement. 



The Review Team will modify language in this section as 
follows: Line 8: ETTs can be “triaged” or categorized in 
that…. 
 
The following will be inserted at Line 17: Waste P4 that 
would not require treatment is waste that meets agreed-
upon treatment requirements established for the second 
fraction. Some waste present at the site would 
presumably already meet such treatment requirements.  



51 35 Gen. For all technologies: ANL should address 
throughput rates vs. assumed waste quantities and 
connect the dots to cleanup durations. Many of the 
identified ETTs seem to have low production rates, 



Argonne agrees that throughput rates are an important 
consideration in determining which ETTs should be 
considered further. An equally important consideration is the 
mass, volume, and concentration of P4 wastes to be treated. 
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which could lead to long remediation timeframes. Some of the ETTs can be scaled-up as needed. For example, 
the A&W mud still design could be scaled up, or multiple 
units could be constructed to obtain a sufficient production 
rate for treatment. Where information is available, the 
Review Team reports throughput. For example, the volume of 
dredged materials treated by a transportable mobile rotary 
kiln used at the Bayou Bonfouca Superfund Site is included 
in the text to provide some understanding of the waste 
treatment capacity of such systems.  



52 36 1 On-site disposal in a CAMU or CERCLA unit is 
not, by definition, an ETT. If on-site land disposal 
of excavated P4 waste could be possibly coupled 
with ETTs, ANL should discuss land disposal in 
that manner to differentiate ETTs from landfilling. 



Pg. 36, Line 1, will be modified as follows: Disposal 
technologies (considered for P4 waste that has already 
been treated)…. 



53 36 38 In situ thermal remediation vendors use diagonal 
and horizontal drilling and trenching approaches to 
install heating units (electrodes, steam injection 
pipes, etc.) in other-than-vertical configurations. 
Suggest perusing web sites for several additional 
vendors in addition to Tersus and TerraTherm: 
TRS (http://www.thermalrs.com/), Geo 
(http://www.georemco.com/insitu.php), and 
McMillan-McGee (http://www.mcmillan-
mcgee.com/mcmillan-mcgee/index.php). 



The first link did not work. Information in the second link 
(i.e., http://www.georemco.com/insitu.php) seemed to focus 
on vertical wells only. The third link provides some 
information about horizontal wells.  



54 37 8 Would steam also involve a potential flux of 
oxygenated air into the reaction zone? Heat + 
oxygen + P4? 



Not necessarily, in that the gas delivered to the reaction zone 
in this scenario would likely be steam mixed with an inert 
gas, such as Ar or N2.  



55 37 11 What is the estimated extraction efficiency? Extraction efficiency is unknown, which is why, as stated in 
the report, a pilot-scale study is needed.  
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56 37 30 ANL mentioned during the September 21, 2015, 
presentation that additional characterization using 
geophysical methods could help fill data gaps and 
enable an updated CSM. It would be helpful if 
ANL would provide more details on specific 
geophysical survey approaches/methods/tools to 
address data gaps and determine extent of 
contamination. 



We do not have a geophysicist on the Review Team. 
Presumably, EPA and the Tribes have probably consulted 
with a geophysicist in the past about CSM refinement. Since 
all structures have been demolished, there may now be an 
opportunity to perform geophysics at the site as part of a 
CSM refinement effort. One technique to consider is 
resistivity or high-resolution resistivity (HRR). HRR can be 
used to delineate regions of the vadose zone with anomalous 
electrical conductivity. However, these methods work best 
when the results can be validated with borings and sample 
results in proximity to where the geophysical investigation 
has occurred.  



57 37 31 The fact that there has not yet been a laboratory 
study, or a field application, to assess whether 
applying heat to a formation containing P4 would 
promote effective downward draining of P4, seems 
like a significant concern potentially leading to 
screening out this technology from further 
consideration. Would molten P4, with a specific 
gravity of 1.8, behave as a DNAPL and flow with 
gravity and soil porosity vs. hydraulic gradient? 
The report should articulate why this approach is 
still considered viable. 



All of the in situ technologies examined have been screened 
out. The Review Team has posed a DNAPL-like contaminant 
CSM in a comment above.  



58 38 9 A statement is made that estimating the amount 
[of P4] remaining would be difficult to 
characterize safely because in past site 
characterizations, a “precedence to avoid drilling 
into P4 was set.” Please clarify what is meant by a 
“precedence to avoid drilling into P4.” Does ANL 
mean this was an administrative decision or a 
health and safety decision and provide the basis for 
this determination? ANL has indicated it arrived at 



This statement is actually made on Pg. 11, Line 10. The 
Review Team examined archival information to draw 
conclusions. Since EPA staff were present throughout the 
CERCLA and RCRA closure/post-closure activities, EPA is 
in the best position to know whether the precedent was an 
administrative decision or a health and safety decision. The 
information reviewed suggests that investigators avoided 
drilling into any area where P4 could be present due to health 
and safety considerations. As noted in a global response 
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different conclusions regarding the ability to safely 
characterize, excavate, and treat P4 wastes than 
other entities. It would be helpful if ANL provided 
information on how the data gaps could be safely 
filled given known hazards associated with drilling 
into P4 waste. 



above, the Review Team will acknowledge that there would 
be investigation worker health risks if conventional 
investigation techniques were used. The Review Team will 
also note that alternative investigation methods (remote 
drilling, drilling with cryogenic fluids, augmented health and 
safety protocols, and geophysics) were not attempted, and 
that these alternative methods could have been implemented 
with manageable site worker risks. The text on Pg. 11, 
Line 12 will be modified as follows: Using conventional 
investigation techniques and routine health and safety 
protocols, there are obvious… 



59 39 1 Table 5-1: A statement is made that the “formation 
would wipe them clean.” Please explain what this 
means. 



Text in Table 5-1 and Table 5-3 will be changed to: It is 
expected that if direct push methods were used, there 
would be only a minimal amount of P4 on withdrawn 
drill rod or casing, since they would be rubbed clean on 
clean, shallow soils. With regard to extracted P4, 
significant safety and management issues would need to 
be addressed. 



60 40 1 Cite data sources regarding P4 solubility in food 
oils. 



A citation will be added: (Marck Index, 2001) Merck 
Index, 2001, Thirteenth Ed., Merck & Co., Inc., 
Whitehouse Station, New Jersey. 



61 41 5 Solvent extraction relies on surface chemistry and 
surface contact, and the waxy P4 solids likely have 
a low to moderate surface area to mass, meaning it 
will take longer and a lot of solvent to dissolve and 
recover the P4. This is a very common issue with 
solvent extraction remedial technologies. It could 
be more effective if performed above the 
P4 melting point, as that would increase its surface 
area and the resulting rate of dissolution into the 
solvent. That would also add cost per the thermal 
treatment discussed above, but perhaps a combined 



These are appropriate points that are reflective of the 
uncertainties about the P4 present in the subsurface (at 
locations away from the historical ponds). The P4 could be 
present as a single mass of material directly beneath the 
furnace, for example, or be dispersed throughout the vadose 
zone in a contaminant distribution somewhat similar to a 
DNAPL with ganglia, smear zones, stringers, etc. A 
combined approach of heating and treating may optimize 
performance, especially for the DNAPL-like contaminant 
CSM, but optimally one would need to know more about the 
CSM to combine technologies. 
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approach would optimize the performance. 
62 41 33 Given that soil auger/oxidant injection equipment 



can go upward to 50 ft, if one can excavate to 35 ft 
below ground surface (safe excavation of soil with 
P4, as well as if the soil formation and storage 
capacity can support such excavation), this may be 
an alternative to well injection for oxidant delivery. 
Recovery/extraction wells may still be needed to 
ensure waste doesn’t migrate. 



Agreed. Excavation to 35 ft would be an ex situ method, 
which the Review Team has included as an ETT. Treatment 
of P4 with auger/oxidant equipment post-excavation would 
be an in situ method with the same uncertainties already 
noted for in situ ETTs.  



63 41 40 What would the return on investment (ROI) be for 
a thermal remedy where P4 was heated just at or 
about 45°C? Would it have to be significantly 
warmer to be effective, and would the incremental 
cost and energy to make it warmer be well worth it 
for performance? 



The ROI is unknown to the Review Team. 



64 43 1 The IAEA figure indicates the hot water 
flooding/extraction injection and extraction wells 
have 100 ft? How does this compare with the 
pump and treat system installed under the IRODA? 
Would there potentially need to be a closer 
spacing/greater density to ensure hydrogeologic 
control? 



As noted on Pg. 41, Line 44, the IAEA figure is conceptual 
and is not meant to imply an actual design. The design of the 
IRODA pump and treat system would be useful information 
for designing an in situ system. The density of any 
injection/extraction system would be dictated by the 
contaminant distribution as well.  



65 45 3 It is unclear if ANL evaluated ETTs for areas of 
known high P4 contamination (ponds and furnace 
area) or for the whole OU. It would be helpful if 
ANL clarified what/where they focused their 
evaluations for the specific P4 in place.  



Pg. 45, Line 40. The text indicates that the in situ method is 
most appropriate for deep subsurface white phosphorus 
contaminated zones that are not amenable to excavation.  



66 45 25 Would it be possible to utilize a slow(er) release 
oxidant? 



That could be evaluated via bench- or pilot-scale testing. It 
may be found that a slow-release oxidant, such as potassium 
permanganate in paraffin, would be preferred over a more 
rapid-release reactant.  
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67 47 1 Table 5-5: Impacts to environment during 
implementation. Would this call for SVE as a 
safety feature, in the same way ozonating the 
vadose zone might? 



The Review Team suggests enclosing the injection/extraction 
well site and off-gas treatment on Pg. 47.  



68 48 6 “Success” needs to be defined for the purpose of 
the Phase 1 Independent Review. From ANL’s 
perspective, does success mean complete removal 
of all P4 such that a cap and institutional controls 
will no longer be required? Recommend clearly 
describing the “end state” of the FMC OU 
following application of each ETT.  



Argonne agrees that it would be a good idea to describe the 
end state, but for active remediation in general, not for each 
ETT. The following sentence is inserted on Pg. 25 in a new 
paragraph on Line 33: 
 
The end state of the application of a suite of ETTs for 
active remediation of the FMC OU would be that all 
contaminated media no longer exhibit the RCRA 
characteristics of ignitability and reactivity, that P4 is 
removed to acceptable cleanup levels, and that RCRA 
LDRs are satisfied for heavy metals and other 
constituents, as appropriate. There are two possible 
exceptions to this suggested end state. First, and as 
allowed by CERCLA, EPA could, with adequate 
justification, choose to waive certain requirements 
through one of the statutory ARAR waiver approaches 
(http://www2.epa.gov/superfund/applicable-or-relevant-
and-appropriate-requirements-arars). This may be 
especially applicable to RCRA LDRs. Second, and as 
stated previously, the CSM would have to be improved 
to permit adequate understanding of heavy deposits of 
P4, such as that underlying the Furnace Building and 
that contained within the buried railcars. 
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69 49 12 Some remediation construction companies have 
successfully trenched to nearly 100 feet bgs at 
some sites as part of installation of a slurry wall as 
a vertical engineered barrier. Additionally, in situ 
solidification/stabilization implementors 
successfully use auger/mixer equipment to 
implement ISS to 50 ft bgs. Maximum depth at the 
FMC OU would need to be determined based on 
soil stratigraphy and contaminant characteristics, 
and potentially other design parameters. Please 
include that the depth of contamination would need 
to be confirmed. 



Comment noted. The discussion on the ETT indicates the 
importance of determining the extent of contamination in the 
subsurface. The Review Team identified issues with ISS 
placement at another elemental phosphorus manufacturing 
site, Tarpon Springs, Florida, where chemical reactions 
between the solidification/stabilization material and P4 
caused a fire in the test area and where debris present in the 
test area caused difficulties with the in situ technique (see 
Appendix F, Supplemental FS).  



70 49 40 “Cost-prohibitive” needs to be defined. What 
makes something cost-prohibitive? Recall that for 
the Phase 1 Independent Review, EPA and the 
Tribes did not want ANL to rule out potential 
ETTs solely on cost; thus, the concept of “cost-
prohibitive” is not appropriate for this report. 



Cost is referred to here in a general sense. See the response to 
General Comment 8 above regarding the use of cost in the 
evaluation of technologies.  



71 51 1 Table 5-6: This is the first time that contract 
acquisition is mentioned with respect to “time to 
implement,” but it would be a factor for all ETTs. 



Argonne agrees with EPA on this comment. This is the only 
line in the entire report that refers to contract acquisition. The 
sentence in Table 5-6 is revised as follows: Identifying a 
containment approach could take up to 1 year. 



72 54 1 How would you keep the vadose zone wet on a 
large scale? Would you look at 
compartmentalizing the site on a footprint and 
depth basis to minimize the scale of what has to be 
kept wet at any one time? Please provide more 
detail. 



The reference relates to wetting P4 waste once it is brought to 
the surface during excavation and not wetting the entire 
vadose zone.  



73 58 37 Typo: The vs. he. The text will be changed. 
74 70 8 Use of food oils may add substantial BTUs to 



partially dewatered sediments. 
Comment noted. 
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75 71 10 Table 5-10 estimates almost 18,000 tons of P4, so 
this technology with this throughput at 90% uptime 
would take 9.5 years to incinerate/de-characterize 
the P4 if the mass/volume is similar to Army 
waste.  



The incinerator at the Crane Army Ammunition Plant was 
cited as an example of incineration technology. The P4 waste 
that would be excavated at the FMC site would not be similar 
to the waste treated at the Crane incineration facility. Some 
mobile incinerators have a much greater capacity (up to 
10 tons/hr); see http://www.environmental-
expert.com/services/thermal-treatment-of-hazardous-
waste-mobile-incinerators-199705. 



76 82 43 This kind of caveat would lead one to serious 
concerns about scale-up and efficient operation of 
this unit, or is this typical O&M for an operational 
still/furnace? 



Table 5-13 states that low throughput is a limitation.  



77 83 7 Figure 5-13: Appears to be missing some pipes. Comment noted. 
78 84 28 This is a very small batch throughput. Can ANL 



speak to scalability? 3 cubic feet seems like a 
bench scale. 



The Review Team discussed scalability with investigators 
that performed the treatability study. A version of the 
technology, obviously scaled up significantly, is under 
consideration for treating P4 waste in the clarifier at the 
Silver Bow, Montana, site. 



79 87 Table 
5-13 



Regarding “Disadvantages” bullet 2: tell us more. 
How many units and how much bigger? Expected 
full scale throughout would be _X_? 



Limitations on throughput are discussed throughout 
Section 5.3.3. 



80 88 38 There is a statement that the LDR WTS was 
designed and built specifically to treat P4-
containing solids and sediments present in the 
historical ponds. The LDR WTS was only required 
to treat waste from Pond 18, and possibly Pond 17, 
but no other historical ponds.  



The Review Team has noted that the treatment of residuals 
from Pond 18 seems to be directly applicable to the treatment 
of the waste present in the non-RCRA historical ponds.  



81 90 1 Table 5-14: Repeat parenthetical description of 
LDR description in title as done in text: “(anoxic 
caustic hydrolysis, metals precipitation, filtration, 
stabilization).” 



The noted change will be made in the title of Table 5-14.  
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82 92 9 This is a relative comparison of two ETTs, which 
is not consistent with the Work Order from EPA 
OSWER to ANL. 



Comment noted. The comparison occurred as part of the 
FMC investigation into treatment technologies. The results of 
the comparison speak directly to the overall likelihood of 
success at FMC. 



83 94 2 Suggest revising the order in the table, perhaps 
from most to least soluble. 



Comment noted. The table will not be reorganized. 



84 94 2 Table 5-16: Isn’t ethanol flammable? Table 5-16 will be modified to indicate that ethanol is 
flammable.  



85 97 18 Technology review, not design. Line 18 will be changed to indicate the following: 
acceptance survey is outside the scope of this 
independent review.  



86 103 1 500,000–750,000 CY may not overwhelm a 
permitted RCRA C facility. Did ANL contact the 
three closest ones to reality check throughput 
limitations as well as waste acceptance criteria 
(Laidlaw - Utah, ChemWasteMgmt - Oregon, 
U.S. Ecology - Idaho)? Provide a rationale for this 
statement. 



Argonne agrees that 500,000–750,000 may not overwhelm a 
permitted RCRA facility. And no, Argonne did not contact 
any RCRA TSDFs to determine possible acceptance of a 
large volume of waste.  



87 105 35 Note that the SFS includes a Section 7 figure 
(Figure 7-2). For what was the IRODA selected 
remedy that indicates pipes suspected (based on 
process knowledge) to contain P4 that would be 
cleaned. 



Comment noted. The figure used also depicts the RUs where 
pipelines are suspected to be present.  



88 115 15 “Guzzler” could use a reference. Guzzler™ was referenced in a previous section of the report.  
89 122 4 Excavation technologies also have a similar 



limitation regarding insufficient characterization 
(i.e., one cannot just start digging up a site without 
a level of confidence in knowing the state and 
location of contamination). Ex situ treatment 
technologies may share in this limitation, noting 
that incineration may have a greater degree of 
flexibility for successfully processing P4-related 



This section is discussing in situ treatment technologies that 
could potentially target areas not accessible with excavation 
technologies. As it happens, P4 present in the deep 
subsurface is not characterized at all. In contrast, much more 
is known about the contents of the historical ponds that could 
be targeted with excavation technologies. This is due to 
process knowledge and the fact that some samples have been 
collected from the historical ponds (EPA 2003). 
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wastes. 
90 123 17 It should be recognized that P4 also exists 



throughout the OU, as evidenced by the recent 
grading activities. 



Pg. 123, Line 18, will be amended as follows after “FMC 
Plant”:  As noted during the grading operations 
performed in 2015, P4 exists throughout the materials in 
the near surface.  



91 124 10 Note that the dry excavation experience as 
quantified in Appendix C is specifically related to 
P4 found in the regrading and consolidation of site 
slag related to implementation of ET cover and soil 
cover systems for the IRODA. The total quantity of 
P4/slag waste excavated was less than 1,000 cubic 
yards out of over 2 million cubic yards relocated. It 
may be useful for ANL to indicate what aspects of 
the P4/slag experience would be relevant to ETT 
implementation more broadly in the FMC OU. 



Pg. 124, Line 13: The following language will be inserted: In 
the event slag needs to be moved to gain access to a 
P4 excavation area, experience gained when moving 
slag as part of the regrading project may be useful. 



92 124 12 From a health and safety and environmental 
protection standpoint, it may not be an acceptable 
practice to simply uncover P4 and allow it to burn 
until the smoke is no longer visible. During the 
grading operations, P4 encountered was 
immediately quenched with sand. Reference to this 
as an acceptable excavation technique should be 
removed. It would be helpful if ANL identified 
limitations and complications if P4 in soil were to 
be open burned (i.e., what would be the 
combustion gas rate of generation, anticipated 
concentrations compared with worker safety and 
for off-site fugitive emissions the acute and 
chronic exposure levels and restrictions). What 
would be the impact area and potential evacuation 
zone needed? 



The noted language will be changed as follows: When P4 
was uncovered, it was immediately quenched with sand.  
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93 124 32 Would you expect the site to drain rapidly given 
the site geology, particularly in the vadose zone? If 
yes, how would that affect the water usage rate to 
keep P4 submerged during ETT activities? 



It is known that the historical ponds were used to retain waste 
submerged in water in the past. As a result, for the historical 
ponds, it seems reasonable to expect that waste in an 
excavation footprint could be kept submerged.  



94 124 39 Are the three identified excavation methods 
applicable to specific spatial and depth locations in 
the FMC OU? For example, which ones would be 
applicable to presumed shallow depths for waste in 
the CERCLA ponds? What about deeper “candles” 
of P4 beneath the process facility? What about P4 
within the capillary fringe or upper saturated zone, 
around 85 ft bgs? 



The requested information is provided in Table 5-10.  



95 125 40 It would help if ANL can speak to excavation, 
transport respecting off-site management, and 
incinerator throughput. It would also be useful if 
ANL can provide more specificity on past FMC 
industrial safety practices with P4 that would be 
applicable to excavation during remediation. 



Section 5.3.1.2 includes a discussion on the volumes of 
sediments treated by incineration at the Bayou Bonfouca 
Superfund Site. Pg. 70, Line 33, will be amended as follows: 
…in a rotary kiln incinerator treated at a rate of 
approximately 25 tons/hr (EPA 2001). 
 
One FMC source that includes specificity on past FMC 
industrial safety practices is the following: FMC Corporation, 
Phosphorus Chemicals Division, 1999 RCRA Case-by-Case 
Extension Application, July. Appendix CC (Pond 
Management Plan) of that document includes a discussion on 
the operation of remotely operated surveying equipment to 
assess sediment depth; the operation of auger and suction 
dredges; the movement of dredged slurry to a tank; the use of 
water to control the threat of bank fires; the operation of a 
vacuum truck to place materials into Pond 16s; and the 
movement of phossy wastes from containers into ponds.  
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96 126 8 For reference, please indicate what quantity of P4-
impacted soil would be transported for off-site 
incineration. Statements about possibly needing 
dedicated trucks or railcars may not appear feasible 
or reasonable if the volume is over 500,000 cubic 
yards vs. a smaller amount of P4 waste. 



The amount of P4 waste to be transported off site would 
depend on what RUs are actually remediated. The noted 
language in Line 14 will be modified as follows: If a large 
quantity of P4 waste is to be excavated in a short period 
of time, a large number of trucks (or railcars) may be 
required.  



97 128 25 IRODA Section 8.3.3, page 45, says “The removal 
of elemental phosphorus from the underground 
pipes can be done safely because the material is 
relatively homogeneous, contained in pipes at 
known locations, and is a relatively small quantity. 
Removed sludge will be disposed off-site 
following characterization in an appropriate 
landfill or be incinerated. The sludge will be 
removed, so this storm/sewer piping may remain in 
use.” ANL’s work in investigating ETTs 
potentially applicable to underground pipes may be 
useful to EPA Region 10 and FMC; however, it is 
not clear that ANL’s evaluation and presentation of 
technologies relevant to piping is responsive to the 
Phase 1 Independent Review Work Order. 
Additionally, the IRODA’s handling of pipelines 
may not be problematic to the Tribes since EPA 
selected pipe cleaning and disposal for P4 
contained in pipes known or suspected to contain 
P4 based on process knowledge. 



The noted language is a description of elemental phosphorus 
in the storm sewer piping only. As noted in Table 5-21 of the 
independent review, other pipes are located throughout the 
FMC OU that apparently also could contain P4. The Review 
Team looked at pipelines because they could contain P4 and 
thus seemed to be consistent with the Work Order to 
investigate the treatment of P4 at the site. 



98 129 6 It is not clear how an enhanced CSM or really 
anything short of excavation of the railcars 
themselves will provide the necessary information 
to evaluate potential ETTs. Nonintrusive 
characterization work may better identify the 
railcar locations but how would this speak to the 



The Review Team notes that some additional information 
would be needed to start with the first step: excavation of the 
railcars. 











 



 



H
-46 
 



 



Comment 
No. Pg. 



 
Line 
Ref. EPA Comment ANL Review Team Response 



amount and condition of the contents, or former 
contents if there have been any leaks or migration? 



99 133 26 It would be helpful if ANL could provide some 
input or examples on potentially safe(r) 
characterization approaches that could fill ETT 
data gaps. For example, are there in situ sensors or 
indirect measurements that could provide an 
appropriately high density of data on the presence 
and relative concentration of P4 in soil throughout 
the vadose zone as well as shallow saturated zone? 



See the response above to a Global Comment. 



100 135 4 2012 IRODA was for the FMC OU only. Identify 
2010 FS as the Supplemental FS to distinguish it 
from the original site-wide FS. 



The noted clarifications will be integrated into the text. 
Pg.   135, Line 4, will be amended as follows: …Rod for the 
FMC OU in Pocatello, Idaho (EPA Region 10 2012a). 
In the Supplemental FS a review of … 



101 135 22 FMC OU not FMC site. The text will be changed to FMC OU. 
102 135 25 Recommend documenting the face-to-face meeting 



with EPA, the Tribes, and FMC as well as the 
follow-up separate meeting with the Tribes prior to 
the Independent Review kick-off. 



The language on Pg. 135, Line 14, will be modified as 
follows: The Work Order was developed during a face-
to-face meeting with EPA and the Tribes and was 
refined in a follow-up teleconference in the spring and 
summer of 2014. 



103 135 28 Draft and draft final lists should be included for 
reference in an appendix. [ANL] should also [give] 
recognition that the draft and draft final lists of 
ETTs to be evaluated were for the sole purposes of 
ANL, and neither EPA nor the Tribes had any 
input into the final list of ETTs evaluated. 



Only the final list will be included in the report.  
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104 136 5 It would be helpful if the general categories of 
uncertainties for in situ technologies were 
articulated here (i.e., viability, efficacy, 
implementability, etc.) 



These uncertainties have been detailed in Section 6.2.1 on 
Pg. 122. 



105 136 8 Would in situ technologies pose more significant 
safety and cost concerns than ex situ and if so, 
what is that determination based on? How were 
these factors (safety and cost) compared to ex situ 
alternatives? 



This statement will be augmented. Pg. 136, Line 8, will be 
modified as follows: …the health and safety concerns 
would be caused by the need to perform additional site 
characterization work. 



106 136 10 It is inferred that this sentence is referring to 
ex situ ETTs. For clarity, recommend including 
“Further, the Review Team decided that several 
ex situ ETTs also did not warrant….” 



The ETTs included here are all ex situ ETTs. 



107 136 15 It is unclear if this statement is just referring to the 
railcars or all ETTs. 



The statement will be clarified to indicate that the reference 
to the CSM refinement relates to the abandoned railcars. 



108 136 21 Based on how the analysis was conducted 
(separating excavation and treatment 
technologies), virtually all ETTs in this list would 
need to be coupled with other technologies. As 
stated elsewhere in EPA’s comments, it would be 
useful if ANL more fully developed how a 
combined remedy approach could be used to 
successfully remediate P4 in soils at the FMC OU. 



The phrase “coupled with other technologies” will be 
removed. 



109 137 1 It would be helpful if there was some discussion of 
the specific safety risks associated with 
implementation of the evaluated ETTs. Could 
include some examples such as uncontrolled 
reactions causing fires, toxic gas emissions, etc. 



Argonne believes that the safety risks associated with 
P4 remediation are well understood. No changes to report. 



110 199 11 Needs space. A space will be added. 
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FIGURE 2-2  Estimated mass and concentrations of P4 present 
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Railcars, piping and capillary fringe, P4  concentration > 24%
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APPENDIX I: ARGONNE’S EDITORIAL CHANGES 



 
 



In addition to the changes to the Draft version of the document required by responses to 
comments from the Shoshone-Bannock Tribes (Tribes) and the U.S. Environmental Protection 
Agency (EPA), changes to the Draft version of the document as noted in Appendix I were 
required to: 
 



• Add a reference to the meeting in the Tribal Council Chambers; 
 



• Reference the comments from the Tribes and EPA and responses to the 
comments by the Review Team; and 



 
• Address additional editorial changes results from the required Argonne 



technical review process.   
 
Pg. 7, Line 42: The bullets will be changed as noted below:  
 



• RU 1 – Furnace Building, secondary condenser, and loading dock; present 
possibly due to leaks and spills from production processes and waste 
management and/or injection of waste or excess P4; 



 
• RU 19c – Railcars (also known as “buried railcars” or “abandoned 



railcars”); present because they were filled with P4 sludge and then buried in 
the slag pile (RU 19);  



 
Pg. 9, Line 40: The following will be added: “The contaminant CSM is somewhat refined for 
some RUs and is almost hypothetical for other RUs. As discussed below, there are few or no 
sample results to characterize the presence of P4 in the deep subsurface (e.g., the capillary 
fringe and the vadose zone beneath the Furnace Building). However, process knowledge can be 
used to characterize the contents of the waste present in the historical ponds. In addition, 
borings have been collected adjacent to or within several of the historical ponds, resulting in 
additional information that contributes greatly to the contaminant CSM for the historical ponds. 
Investigators have even described soil borings collected from historical ponds within RU 22B as 
“pure precipitator dust” and “phossy solids” (EPA 2003).” 
 
Pg. 9, Line 43: This line will be changed as follows: “…the Furnace Building vicinity assumes 
that warm, liquid P4 migrated downward from the sumps and….” 
 
Pg. 11, Line 5: The following paragraphs will be added:  
 
“A different aspect of the CSM for the deep Furnace Building P4 is the possibility of an injection well(s) 
used to dispose of impure or excess pure P4. On the basis of discussions at the September 21, 2015, 
meeting at the Fort Hall Tribal Business Council, the injection well was said to be at the west end of the 
Furnace Building and was used to dispose of P4 waste near the water table. The piping was warmed by 
circulating hot water through a double casing to prevent clogging. Some of the P4 was pure but was 
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excess once the railcars were full. This practice continued until the early 1990s when the well was hidden 
by a slab of concrete. An online database of wells was searched for a possible injection well(s) at the west 
end of the Furnace Building (Idaho Department of Water Resources 2015); however, the data in this 
source are only as recent as 1992, so the existence of an older injection well could not be confirmed.” 
 
[Idaho Department of Water Resources, 2015, “Well Construction” search online database 
http://www.idwr.idaho.gov/Apps/appsWell/WCInfoSearchExternal/. Accessed on September 23, 
2015.] 
 
 “It is possible that P4 beneath the Furnace Building is present due to both the use of an 
injection well and the infiltration of P4 leaked from sumps and tanks. The former would explain 
the deep P4 observed in several boreholes (described below); the latter would explain any P4 in 
the thick unsaturated zone and also possibly the deep P4.” 
 
Pg. 11, Line 9: The following will be inserted after “northeast”: hydraulically. 
 
Pg. 13, Line 5: “the liquid P4” will be replaced with: “any liquid P4.” 
 
Pg. 13, Line 12: The following will be inserted after “temperature was above 100°C”: 
“Alternatively, P4 could have been released near the water table by a heated injection well 
system. It is possible that both transport mechanisms could have been in effect. In either case, 
the P4 may have built up as a mass or “blob”… 
 
Pg. 18, Line 16: …meaning that soil and debris containing significant amounts of P4 once 
exhumed, would… 
 
Pg. 21, Line 31: Disposal of contaminated in the on-site CAMU may be done under a reduced 
set of requirements (for example without meeting LDRs)… 
 
Pg. 30, Line 24: Two new sections (Sections 3.7 and 3.8) will be added to the document: 
 
3.7  Presentation of Findings from the Draft Report,  
 
 The Review Team submitted a draft version of the report to the Tribes and the EPA on 
September 8, 2015. The Review Team presented the results of key findings from the Draft report 
to the Fort Hall Business Council, in the Fort Hall Council Chambers on September 21, 2015. 
All members of the Review Team (listed in Chapter 1) participated in the presentation. The 
presentation was followed by a morning and afternoon question-and-answer session. A follow-up 
webinar presentation was also provided to representatives of EPA who could not attend the 
meeting in Fort Hall. The webinar meeting occurred on September 28, 2015. This meeting was 
attended by all members of the Review Team, representatives of the Tribes, and EPA staff 
members. 
 
  





http://www.idwr.idaho.gov/Apps/appsWell/WCInfoSearchExternal/
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 3.8  Response to Comments and the Final Report 



On the basis of information presented at the Fort Hall Business Council meeting, the 
follow-up webinar meeting and the content of the Draft report, the SBT and EPA produced a 
series of comments. The Review Team responded to the comments by including a discussion 
and/or the actual language used to address the comments. The Tribes’ comments and Review 
Team responses can be found in Appendix G. The EPA comments and Expert Review Team 
responses can be found in Appendix H. Also included is a summary of changes required during 
final editing by Argonne staff (Appendix I). This Final version of the independent review report 
includes changes in the Draft version needed to address the Tribes’ and EPA’s comments and to 
address editorial and technical issues noted in the Draft version. 
 
Pg. 106, Line 26: “would overwhelm” will be changed to “could overwhelm.” 
 
Pg. 107, Line 1: “would be overwhelmed” will be changed to “could be overwhelmed.” 
 
Pg. 112, Line 30: This line will be modified to reflect the fact that regrading has covered the 
native soil: Figure 5-16 is a photograph of site visitors standing at or near the level of native soil 
(before the 2015 regrading operation). 
 
Pg. 136, Line 10: ETTs will be modified to: ex situ ETTs.  
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From: Williams, Jonathan
To: Douglas.Tanner@deq.idaho.gov; Scott.Miller@deq.idaho.gov
Cc: Kathryn.Venable@deq.idaho.gov; McDonnell, Kimberlee
Subject: RE: Snake River Room 2-17
Date: Monday, February 08, 2016 5:32:51 PM


Thanks for checking into IDEQ Pocatello conference room availability February 16-18.  I called Scott
 earlier today and left a voicemail about FMC’s updated thinking.
 
As of last Friday, FMC was looking at February 24-26 as a more realistic 2016 field season remedial
 action pre-construction meeting time frame, and likewise for the updated groundwater flow model
 discussion.  The following week, March 2-4 is also a possibility according to Marjo Carpenter.  Stay
 tuned.  Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Douglas.Tanner@deq.idaho.gov [mailto:Douglas.Tanner@deq.idaho.gov] 
Sent: Monday, February 08, 2016 5:14 PM
To: Scott.Miller@deq.idaho.gov; Williams, Jonathan <Williams.Jonathan@epa.gov>
Cc: Kathryn.Venable@deq.idaho.gov
Subject: Snake River Room 2-17
 
Scott,
 


Thanks for the reminder.  Johnathan, our room is occupied on the 17th.  Would you like us to look
 for another place to meet?  If so what time and what resources would be needed?  dt
 
Doug Tanner
Regional Environmental Manager
IDEQ
444 Hospital Way, Suite 300
Pocatello, ID 83201
Douglas.tanner@deq.idaho.gov
208-236-6160
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From: Williams, Jonathan
To: Marguerite Carpenter
Cc: Rob Hartman; Rachel Greengas; Kelly Wright; Scott.Miller@deq.idaho.gov; susanh@ida.net; Benchouk, Michele


 [USA]; McDonnell, Kimberlee
Subject: RE: Vault clean-out
Date: Tuesday, February 16, 2016 4:31:00 PM
Attachments: 2015-08-03 FMC Work Plan for Training Center Vault Closure - Rev Aug 2015.pdf


image002.png


Thanks for the notification.  I’ve attached the Work Plan EPA approved August 7, 2015 to be sure
 we’re on the same page regarding the work KW is planning to start tomorrow.  
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-1
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Marguerite Carpenter [mailto:MARGUERITE.CARPENTER@fmc.com] 
Sent: Tuesday, February 16, 2016 2:11 PM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Cc: Rob Hartman <Rob.J.Hartman@mwhglobal.com>; Rachel Greengas
 <Rachel.Greengas@fmc.com>
Subject: Vault clean-out
 
Jonathan
 
KW is planning on starting the completion of the training center vault cleanout project
 tomorrow.  They will be removing the clarified water that is above the solids layer in
 the vault and then complete the cleaning of the up-gradient piping, including the
 video inspections, and isolation of the pipe from the vault.  As you will re-call, you
 approved the work plan for this last year.
 
Please call if you have any questions.
 
Best Regards,
Marjo
 
 
 
 
Marguerite Carpenter, PhD
Associate Director, EHS Rem/Gov
FMC Corporation
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1.0 INTRODUCTION 



This Work Plan has been prepared for the closure of a flow-through below-ground concrete vault 
that was formerly used as a septic tank at FMC’s former elemental phosphorus plant located in 
Power County, Idaho.  Until recently, the vault passed sanitary waste from one restroom and four 
sinks in the Training Center building to the sewer system connected to the City of Pocatello’s 
Water Pollution Control (WPC) treatment plant (“POTW”).  This Work Plan describes the steps 
and procedures for closure of the Training Center vault (TC vault).   



1.1 BACKGROUND 



As described in FMC’s August 6, 2014 letter to EPA,  FMC’s operation and maintenance 
(O&M) contractor on August 5, 2014 was supervising the pumping of a flow‐through sanitary 
wastewater vault connecting the restrooms and sinks in the Training Center building to a pipeline 
that flows to the City of Pocatello’s wastewater treatment plant.  Two waste removal (vacuum) 
trucks were used in that operation. After two truck‐loads of liquid sanitary wastes had been 
removed, the trucks returned to the site and the trucks (one each on either end of the tank) 
removed the remaining liquid and began to remove accumulated sewage sludge from the bottom 
of the sanitary tank. When removing the hose pumping from the port on the south end of the tank 
(the influent pipe end of the TC vault), wispy smoke was observed leaving the end of the hose 
for a brief period of time (less than 10 minutes). FMC’s O&M contractor directed the work to 
stop.  Both trucks were emptied into portable aboveground containers at the site and both of the 
vacuum trucks were rinsed with clean water. The wispy smoke is considered indicative of the 
presence of elemental phosphorus (P4), which is a solid at ambient temperature. While no smoke 
was observed in the material pumped by the second truck, in an abundance of caution that 
material was also emptied into an aboveground container and the truck was rinsed with clean 
water as described above.    



The sanitary wastewater emptied from the vacuum trucks was allowed to settle and the clarified 
sanitary wastewater, which had previously been tested for TCLP metals and pH and was found 
not to exhibit any hazardous waste characteristic, was pumped from the aboveground containers 
and disposed at the POTW that received the first two loads.  The settled solids in the 
aboveground tanks were subsequently transferred into 55-gallon drums and managed as 
hazardous waste.  The drums were shipped to the Heritage-WTI facility in Liverpool, OH for 
incineration.  The water used to decontaminate the aboveground containers (after removal of the 
solids) was separately tested for TCLP metals and pH.  This water did not exhibit any hazardous 
waste characteristic.  After that analysis had been made, the wastewater was transported and 
disposed at the POTW that received the liquid waste loads.  The hose used to pump the north end 
of the TC vault was inspected and there was no visual evidence of P4.  That hose was rinsed with 
clean water, the rinsate was drained into the vault, and the hose was returned to ordinary service 
by the vacuum truck contractor.  The hose that was used to pump from the south end of the TC 
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vault was decontaminated with clean water.  Both the hose decontamination water and a 
confirmatory rinsate sample from the decontaminated hose were tested for TCLP metals and pH.  
The decontamination water and the decontaminated hose, based on the rinsate sample result, 
were found not to exhibit any hazardous waste characteristic.  The decontamination water then 
was disposed of on-site and the decontaminated hose was placed in a garbage bin for disposal at 
the Bannock County landfill.   



1.2 TRAINING CENTER VAULT BACKGROUND 



The TC vault was previously known as the “Change House” septic tank. This tank was 
historically used to collect sanitary wastes from the old Engineering Building, the lab/process 
building (other than lab sinks), the Maintenance Building washroom and the Change House until 
1991, when these flows through the TC vault were tied into (piped to) the City of Pocatello 
POTW.  At that time, it ceased to function as a septic tank and became a “flow-through” tank.  
The TC vault was identified as ID S9 on Table 4‐51(n) and indicated as remaining in service in 
the Supplemental Remedial Investigation Report (MWH, 2009a).  Table 4-51(n) of that report 
summarizes the remaining Underground Piping, Sumps and Structures at the FMC Plant OU.  
The TC vault also was listed on an inventory of five septic systems and drain pit/field that FMC 
provided to EPA in 1991.  FMC notified EPA of the change of operation and status of those 
septic systems and drain pit/field in September 2010 (provided in Attachment 1).  An amended 
EPA Class V Well Pre-Closure Notification Form for the TC vault is provided in Attachment 2. 



The Training Center building was constructed in 1994 and connected to the TC vault, which as 
stated above was a flow-through tank at that time.  After the plant shutdown in 2001, the 
buildings that were connected to the TC vault were demolished with the exception of the 
Training Center.  The Training Center building remained in use, and the bathroom and sinks in 
that building discharged to the TC vault and Pocatello POTW.  



Based on available information, the potential presence of any P4 in this tank had not previously 
been identified.  Given the August 5 event, FMC can only speculate that the source of the 
apparent P4 in the tank (which would be minimal based on the limited smoking that was 
observed in one of two hoses) was likely the Change House. In the Change House, employees 
showered before leaving the plant site and personal protective equipment may have been 
removed and washed.  Presumably, small amounts of P4 could have been washed from boots and 
other protective equipment.  There also is a possibility that small amounts of P4 could have come 
from condensate from the plant-wide steam system that was used to heat the Engineering 
Building and was drained into the sewer collection system.  The plans and profiles for the 
sanitary waste system for the main office area showing the lateral and main sewer lines leading 
to the TC vault are shown on FMC plant drawing 36534, provided in Attachment 3. 
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The TC vault was constructed as a cast-in-place concrete, two-stage septic tank.  The TC vault 
was constructed with an operating capacity of 12,500 gallons.  The first stage contains a full-
width baffle 2.5 feet from the influent pipe to decrease the flow velocity and promote solids 
settling.  The bottom of the vault is sloped toward the influent side and is about 7.75 feet below 
the invert at the inlet and 6 feet below the invert at the wall separating the second stage.  The 
overflow to the second stage is a gooseneck with an invert at about 6 feet above the floor and the 
separation wall.  The second stage floor is level and the effluent pipe invert is also at 6 feet above 
the floor of the second stage. The plan and sections for the TC vault are shown on FMC plant 
drawing 36539 provided in Attachment 2, where it is identified as a 12,500-gallon septic tank.  
The effluent from the TC vault flowed to a distribution box and drainfield (discussed in Section 
1.3 below) until 1991, when the effluent was routed through a then-new manhole located north 
of the vault.  The manhole was piped to also collect flows from other plant office buildings.  The 
combined flow continued through effluent piping from the manhole to the Pocatello POTW.  The 
location of the manhole north of the TC vault (labeled MH1N) is shown on Figure 1-1. 



1.3 FORMER TRAINING CENTER VAULT DRAINFIELD 



The locations of four former septic drainfields east of the plant entrance at the FMC site were 
identified and investigated during the Eastern Michaud Flats (EMF) Remedial Investigation (RI).  
After the plant shutdown in 2001, numerous plant drawings were retained in electronic form; 
however, the plant drawing showing the exact location of the drainfield cannot be found.  
Therefore, in order to confirm which of these drainfields was formerly connected to the TC 
vault, FMC has consulted a former FMC plant engineer with first-hand knowledge of the 1974 
construction of the vault and the original distribution box and associated drainfield.  Figure 1-1 
shows the location of the former distribution box and drainfield for the TC vault.  According to 
the former plant engineer, the drainfield likely had six to eight drainlines (perforated pipelines) 
running east-west, bedded in drainrock channels approximately 30  inches below ground surface.  
The results of the EMF RI investigation at the TC vault former drainfield are described in 
Section 1.3.1 below. 



1.3.1 EMF Remedial Investigation Boring and Soil Sample Results 



As described in greater detail in the EMF RI Report (Bechtel, 1996), Section 4.2.3.2 FMC 
Facility Soils, four locations (soil boring designations F046B, F047B, F048B, and F049B) were 
sampled in the area of the septic drainfields east of the facility main gate.  Each boring was 
advanced to between 10 and 11 feet, and three to five soil samples were taken at each location. 
The samples were analyzed for the normal (EMF RI facility soil investigation) suite of inorganic 
parameters plus gross alpha and gross beta. 



As shown on Figure 1-1, EMF RI boring F048 was drilled and sampled in the drainfield that was 
formerly connected to the TC vault.  The EMF RI Report at Section 4.2.3.2, page 4.2-107, 
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provides the following evaluation of the analytical results for the soil samples collected from 
boring F048:   



F048B was advanced from the surface to 10 feet, with soil samples taken at 2.5-foot 
intervals. Of the characteristic trace metals tested for, only zinc was above the 
representative level, and that was in the surficial sample. The uppermost sample was a 
dark brown topsoil fill; the remaining four were yellowish brown silts. Fluoride was 
above its representative level at the surface (1,690 mg/kg) Potassium exceeded the 
representative level in the 1.5-foot (3,610 mg/kg), 4-foot (4,080 mg/kg), and 9-foot 
(3,580 mg/kg) samples. Total phosphorus exceeded representative levels in the 1.5-foot 
(881 mg/kg), 9-foot (732 mg/kg), and 11.5-foot (734 mg/kg) samples (Table 4.2.3-8). 
The surficial sample had elevated levels of gross alpha (85.8 ± 25.6 pCi/g) and gross beta 
(36.5 ± 8.26 pCi/g) (Table 4.2.3-6). However, gross alpha and gross beta in the remaining 
soil horizons were all below representative levels. 



The EMF RI Report at Section 4.2.3.2, page 4.2-108 summarizes the overall septic drainfield 
investigations as follows: 



Summary - Septic Drainfields.  The septic drainfield area had trace metals, anions 
(fluoride and total phosphorus), gross alpha, and gross beta in the surficial topsoils and 
near-surface soil above representative levels. With a few exceptions, the concentrations 
of these parameters do not persist with depth. The effect of EMF-related activities has 
been minimal in the area.  



Other than the result for total phosphorus that exceeded the representative (background) level in 
the deepest (11.5 feet) soil samples, the RI results from boring F048 indicate that the former TC 
vault drainfield was and is a unlikely source of impact to groundwater.  Section 1.3.2 below 
describes groundwater conditions in the area of the TC vault and former drainfield, focused on 
orthophosphate and total phosphorus in shallow groundwater. 



1.3.2 Assessment of Potential Groundwater Impacts from the TC Vault and Former Drainfield 



The nature and extent and fate and transport of contaminants in groundwater at the FMC site is 
described in detail in the EMF RI Report and the Groundwater Current Conditions Report for the 
FMC Operable Unit (GWCCR; MWH, 2009b).  Groundwater investigations and on-going 
groundwater monitoring have been performed for over 20 years.  During the over 20 years of 
groundwater monitoring at the FMC OU, sampling has been performed at approximately 125 
monitoring wells at the FMC OU, resulting in over 4,500 samples and over 50,000 individual 
analytical results.  This section provides an assessment of the potential groundwater impacts 
from the TC vault and former drainfield, focused on total phosphorus concentrations above the 
background level in soil samples collected from RI boring F048.   











     



   



Training Center Vault Closure Work Plan    August 2015 
 5   



Orthophosphate / total phosphorus concentrations in groundwater at the FMC OU are depicted 
on Figure 1-2, which was originally published as Figure 5.1-6 in the GWCCR.  The 
orthophosphate / total phosphorus concentrations are primarily averages from the period 
November 1996 through May 2008.  As shown on the figure and reported in the GWCCR, the 
Western Ponds Area and particularly former unlined Pond 8S were significant sources of 
orthophosphate / total phosphorus to groundwater beneath the FMC site.  The plumes from that 
area flow downgradient to the northeast toward the northeast FMC plant site boundary.  The TC 
vault and former drainfield are located in the northeast boundary area.  Groundwater monitoring 
well 134 is the nearest well upgradient from the TC vault, and former drainfield and monitoring 
well 111 is the nearest well that is directly downgradient.  As shown on the inset table below, 
orthophosphate / total phosphorus concentrations are significantly lower in downgradient well 
111 compared to upgradient well 134 and the proximal cross-gradient well TW-5S. 



Monitoring 
Well 



Position Relative 
to TC Vault 



Orthophosphate Total 
Phosphorus (GWCCR, 2009) 



(mg/l) 



Orthophosphate Total 
Phosphorus (2013) 



(mg/l) 



134 Upgradient 19.8 18.8 



111 Downgradient 3.95 2.24 



 



Average orthophosphate / total phosphorus concentrations using 2013 monitoring data are 
plotted on Figure 1-3, which zooms in on the wells in the area of the TC vault and its former 
drainfield.  As shown on Figure 1-3 and the inset table above, orthophosphate / total phosphorus 
concentrations have remained significantly lower in downgradient well 111 compared to 
upgradient well 134.  Further, the concentrations in both wells have decreased compared to the 
averages reported in the GWCCR.  The decreasing concentrations are consistent with the 
findings in the GWCCR that source control actions to date at the FMC OU (e.g., completion of 
closure of Pond 8S in 1999) have successfully decreased source loading to the groundwater 
system at the site. 



Based on this assessment of the groundwater conditions in the vicinity of the TC vault and 
former drainfield, there is no evidence that either is a discernable source of orthophosphate / total 
phosphorus to the groundwater system at the site. 



1.4 SCOPE OF WORK PLAN 



The scope of this Work Plan is to accomplish the following: 



1. Complete removal of the remaining water and solids from the TC vault and inspect the 
integrity of the TC vault;  
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2. Clean the sewer lines located within Remediation Area (RA)-A upgradient of the TC 
vault, perform video inspection to confirm that the lines were thoroughly cleaned, and 
plug/abandon the pipeline sections within RA-A;  



3. Complete decontamination and closure of the TC vault; and 



4. Depending on the conditions observed during scope item 1 above, conduct contingent 
additional pipeline cleaning downgradient of the TC vault and/or conduct a subsurface 
investigation at the TC vault. 
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2.0 CLOSURE PROCEDURES 



This section provides a description of the TC vault closure procedures.  To facilitate the actions 
detailed in this Work Plan, preliminary work has been completed that has provided access to the 
TC vault.  The two to three feet of soil covering the vault was removed and stockpiled outside 
the working area, and the vault’s monolithic concrete roof was cut into removable sections.  
Also, the asphaltic concrete (AC) that partially covered manholes MHS1 and MHS2 was 
removed to allow access to those manholes.   



The FMC OU is covered by a Site-Wide Health and Safety Plan (SWHASP; FMC, 2013). The 
SWHASP sets forth the Site health and safety organization, specific Site hazards, Site controls, 
Site evacuation procedures, Site PPE requirements, general health and safety procedures, and 
emergency procedures.  The TC vault closure work will be performed consistent with the 
requirements of the SWHASP. 



2.1 CLEANING AND CLOSURE OF THE VAULT AND UPGRADIENT PIPING 



2.1.1 Removal of Remaining Liquid and Solids, Pressure Washing and Inspection of the Vault 



The following sequential steps will be taken to remove the remaining liquid and solids content, 
pressure wash and inspect the TC vault:   



1. Remove the saw-cut sections of the vault roof to provide adequate access to perform 
the removal and inspection work. Because the vault was a gravity drain system (not 
pressurized), the potential for any water or solids in the vault to have come into contact 
with the vault roof is very low. However, the vault roof will be visually inspected for 
staining, and, if there is any indication of P4 contamination, the roof section(s) will be 
decontaminated (pressure washed) into the south cell of the vault.  



2. Remove any liquid above the solids layer in both the first and second stages of the vault 
and containerize that material.  Liquids will be managed as described in Section 2.2. 



3. Prepare to remove solids from the first stage of the vault directly into 55-gallon drums.  
Install an appropriate system to fill the drums while minimizing potential spillage 
outside the vault.  This may include building a drum filling platform, and possibly a 
drum filling hopper, within the vault. 



4. Remove solids from the first stage of the vault and containerize the material in 55-
gallon drums. 



5. All of the solids removed from the first stage of the vault will be managed as hazardous 
waste (e.g., the drums will be shipped to the WTI facility in Liverpool, OH for 
incineration). 
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6. If solids are found in the second stage of the vault after liquids are removed (Step 2 
above), the solids will be containerized.  Any solids removed from the second stage of 
the vault will be assessed for potential P4 content.  A representative sample(s) of the 
sediment will be collected from the container(s) for a visual P4 examination.  Because 
these samples will be very wet, the sample will be dried on a hot plate.  As the samples 
dries, any P4 present should oxidize, creating a visible smoke.  If P4 is encountered 
during sediment examination, based on visual observation of smoking or burning, then 
all the containers holding that sediment will be managed as hazardous waste (e.g., the 
drums will be shipped to the WTI facility in Liverpool, OH for incineration).  If P4 is 
observed in the sediments from the second stage, the contingent down-gradient pipe 
line cleaning will be performed as described in Section 2.1.3 below.  If no visual 
indications of P4 (i.e., no smoking) are observed in the sediments from the second 
stage, the solids will be managed as described in Section 2.2 below. 



7. Preliminary visual inspection of the concrete walls and floor of the vault to identify any 
holes or significant cracks or any unusual staining (i.e., non-uniform staining).  The 
location(s) of any holes, cracks and/or unusual staining will be surveyed and 
photographed.  If any holes or significant cracks are found, their locations will be 
surveyed for the purpose of subsequent subsurface investigation, and the 
holes/significant cracks will be sealed prior to the pressure washing step. 



8. Pressure washing of the first and second stages of the vault walls and floor.  Wash 
water will be removed and containerized separately.  Collected washwater liquids will 
be managed as described in Section 2.2. 



9. Visual inspection of the integrity of the first and second stages of the vault, with 
particular emphasis on the corners between the side walls and the floor to identify any 
holes or significant cracks or any unusual staining (i.e., non-uniform staining).  The 
location(s) of any holes, cracks and/or unusual staining will be surveyed and 
photographed.  If there are either extensive cracks in the concrete, or the overall 
integrity of the concrete walls or floor is poor (e.g., visible spalling and exposure of 
concrete aggregate), a contingent subsurface investigation at the TC vault will be 
conducted pursuant to the Sampling and Analysis Plan contained in Appendix A of this 
Work Plan.  Based on the inspection of the condition of the vault, and if required, the 
results of the contingent subsurface soil investigation, the subsurface investigation may 
be modified  to include groundwater sampling downgradient of and in proximity to the 
vault and former drainfield. A field modification will be prepared for any additional 
subsurface investigation(s) if any additional work is warranted following 
implementation of this Work Plan for Training Center Vault Closure and, if required, 
the subsurface soil investigation. 
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2.1.2 Cleaning, Inspection, and Abandonment of Piping Up-gradient of Vault 



Manholes MHS1 and MHS2 (as shown on Figure 1-1) allow access for cleaning and video 
inspection of the sewer piping upgradient of the TC vault within RA-A.  The section of piping in 
RA-B upgradient from manhole MHS2 will not be cleaned.  This is because that section of 
piping, along with other un-cleaned underground industrial piping in RA-B, will be capped with 
an evapotranspirative (ET) cap as specified in the Interim Record of Decision Amendment for 
the FMC OU (EPA, 2012).  The upgradient piping within RA-A will be cleaned, inspected and 
abandoned under this Work Plan.  This work will proceed through the following sequential steps:   



1. The lateral pipeline from MHS1 to the former Change House enters MHS1 from the 
west, and should be accessible to clean at that manhole.  The lateral pipelines leading 
from the former Control Lab and Process Building have “Y” connections to the main 
pipeline between MHS1 and MHS2.  These lines will be cleaned by sending the pressure 
hose upgradient from MHS1 through the “Y” connections.  In the event that these lines 
cannot be accessed from MHS1, the pipe will be exposed (excavated) at the former 
building foundation and the pipes will be accessed for cleaning and inspection from the 
upgradient ends. 



2. The main sewer line from MHS2 to MHS1 to the TC vault will be cleaned by accessing 
the line at the manholes, and generally working downgradient toward the vault.   



3. The pipe cleaning water and any sediment removed from the pipeline will be 
containerized, characterized and disposed per Section 2.2 (Waste Management).   



4. Once the piping has been sufficiently cleaned, all piping will be video surveyed to 
confirm that sediment/debris has been removed.   



5. Plug all inlets / outlets of manholes MHS1 and MHS2 using cement grout or concrete, 
and then backfill the manholes to grade with clean fill material (e.g., gravel).  If the 
pipelines leading from the former Control Lab and Process Building have been exposed 
(excavated) at the former building foundation to provide for access, those pipelines will 
be plugged and abandoned with cement grout or concrete and the excavations filled with 
the originally-removed fill materials. 



2.1.3 Contingent Down-gradient Pipeline Cleaning 



Due to the specific gravity of P4 (1.82), any P4 that entered the first stage of the TC vault would 
have likely settled near the full-width baffle designed to direct flow downward to the bottom of 
the vault.  Because the overflow from the first to the second stage is about 6 feet above the floor 
of the vault, there is a low probability that particles of P4 would have been carried over into the 
second stage, and a much lower probability that P4 particles would have passed through the 
overflow pipe from the second stage, which is also about 6 feet above the floor of the vault, into 











     



   



Training Center Vault Closure Work Plan    August 2015 
 10   



the discharge pipe that leads from the vault to MHN1.  Also, during the visual inspection of 
MHN1, there were essentially no sediments in the manhole, which supports the conclusion that 
no solids, including relatively low specific gravity solids, carried over into the discharge pipe for 
deposition beyond the manhole. 



However, if P4 is observed in the sediments from the second stage of the TC vault (per 2.1.1 
Step 6), then this contingent down-gradient pipe line cleaning will be performed.  The pipeline 
from the TC vault to MHN1 will be cleaned by accessing the pipeline from either the TC vault 
effluent pipe or MHN1, or both.  Once the piping has been sufficiently cleaned, the section of 
piping will be video surveyed to confirm that sediment/debris has been removed.  The pipe 
cleaning water and any sediment removed from the pipeline will be containerized, characterized 
and appropriately disposed of per Section 2.2 (Waste Management). 



2.1.4 Closure of the Vault  



Following the vault and pipeline cleaning, confirmation of that work through a video survey, and 
plugging/abandonment of the sewer piping appurtenant to the TC vault, the TC vault closure will 
be completed through the following sequential steps:   



1. Removal of any water and/or solids that have flowed into the vault during the upgradient 
pipeline cleaning (and downgradient piping if cleaning has been triggered). 



2. Plug the two inlets and the outlet of the vault using cement slurry or concrete. 



3. The saw cut sections of the vault roof will be placed flat in the bottom of the sump in 
such a manner as to leave no void space and the remainder of the vault will be filled with 
clean fill material (e.g., gravel) to grade.  The elevation of the final surface of the 
backfilled vault will then be surveyed. 



2.2 WASTE MANAGEMENT 



Table 2-1 lists the solid wastes that may be generated during the TC vault closure and pipe 
cleaning activities.  A waste determination will be performed for each solid waste generated 
during the TC vault closure and pipe cleaning work. 



The solid waste inventory (as provided in Table 2-1) is a tool used to track, record, and monitor 
waste determinations (as required by 40 CFR § 262.11); to track, record, and monitor the land 
disposal restriction information for each waste stream destined for off-site land disposal (as 
required in 40 CFR § 268.7); and to track final disposition of the wastes. All waste determination 
documentation will be kept as part of the facility record per 40 CFR 262.40(c).  Any hazardous 
waste manifests will be kept as part of the facility record per 40 CFR 262.40(a). 
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Table 2-1.  Expected Wastes and Planned Storage and Disposal 



Expected and/or 
Potential  



Waste or Material 



Preliminary 
Waste 



Determination1



Waste 
Determination 



Basis 



On-Site Accumulation or 
Storage 



Planned Disposal 



Remaining water in 
TC vault (first and 
second stage) 



Non-hazardous 
solid waste 



Generator 
knowledge, 
TCLP results 
from TC vault 
water. 



Water will be contained on-site 
(e.g., in Baker tanks).  Water 
sample(s) will be collected from 
the container(s) for waste 
determination analysis (i.e., 
TCLP metals and pH).  
Following waste determination, 
water will be disposed.   



If water is determined to be non-
hazardous, it will be shipped to the 
same POTW as prior nonhazardous 
water from the vault.  If water is 
determined to be hazardous, it will be 
transported to US Ecology, Grand 
View, ID for treatment and disposal. 



Solids in first stage 
of the TC vault 



Manage as 
hazardous waste



Presumed 
presence of 
elemental 
phosphorus. 



Solids will be contained on-site 
(e.g., drums). 



Solids will be managed as hazardous 
waste and shipped to Heritage-WTI, 
East Liverpool, OH. 
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Table 2-1.  Expected Wastes and Planned Storage and Disposal 



Expected and/or 
Potential  



Waste or Material 



Preliminary 
Waste 



Determination1



Waste 
Determination 



Basis 



On-Site Accumulation or 
Storage 



Planned Disposal 



Solids in second 
stage of the TC 
vault (if present) 



Non-hazardous 
solid waste 



Generator 
knowledge. 



Solids will be contained on-site 
(e.g., drums).  A representative 
sample of solids will be 
collected from the container(s) 
for waste determination analysis 
(i.e., TCLP metals and visual 
P4 examination).  Following 
waste determination, sediments 
will be disposed. 



If solids are determined not to contain 
P4 and be non-hazardous, it will be 
shipped to the same POTW as prior 
nonhazardous water from the vault.  If 
solids are determined to contain P4 or 
otherwise be subject to management 
as hazardous waste, it will be shipped 
to US Ecology, Grand View, ID or a 
licensed hazardous waste incinerator 
(e.g., Heritage-WTI, East Liverpool, 
OH), pending waste acceptance. 



TC Vault 
washwater 



Non-hazardous 
solid waste 



Generator 
knowledge, 
TCLP results 
from TC vault 
water. 



Water will be contained on-site 
(e.g., in Baker tanks).  Water 
sample will be collected from 
the container(s) for waste 
determination analysis (i.e., 
TCLP metals and pH).  
Following waste determination, 
water will be disposed.   



If water is determined to be non-
hazardous, it will be shipped to the 
same POTW as prior nonhazardous 
water from the vault.  If water is 
determined to be hazardous, it will be 
transported to US Ecology, Grand 
View, ID for treatment and disposal. 
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Table 2-1.  Expected Wastes and Planned Storage and Disposal 



Expected and/or 
Potential  



Waste or Material 



Preliminary 
Waste 



Determination1



Waste 
Determination 



Basis 



On-Site Accumulation or 
Storage 



Planned Disposal 



Water collected 
during sewer piping 
cleaning  



Non-hazardous 
solid waste 



Generator 
knowledge, 
TCLP results 
from TC vault 
water. 



Water will be contained on-site 
(e.g., in Baker tanks).  Water 
sample will be collected from 
the container(s) for waste 
determination analysis (i.e., 
TCLP metals and pH).  
Following waste determination, 
water will be disposed.   



If water is determined to be non-
hazardous, it will be shipped to the 
same POTW as prior nonhazardous 
water from the vault.  If water is 
determined to be hazardous, it will be 
transported to US Ecology, Grand 
View, ID for treatment and disposal.   



Sediment / solids 
collected during 
sewer piping 
cleaning  



Non-hazardous 
solid waste 



Generator 
knowledge. 



Solids will be contained on-site 
(e.g., in Baker tanks or drums).  
A representative sample of 
remaining sediments will be 
collected from the container(s) 
for waste determination analysis 
(i.e., TCLP metals and visual 
P4 examination).  Following 
waste determination, sediments 
will be disposed. 



If solids are determined not to contain 
P4 and be non-hazardous, it will be 
shipped to the same POTW as prior 
nonhazardous water from the vault.  If 
solids are determined to contain P4 or 
otherwise be subject to management 
as hazardous waste, it will be shipped 
to US Ecology, Grand View, ID or a 
licensed hazardous waste incinerator 
(e.g., Heritage-WTI, East Liverpool, 
OH), pending waste acceptance. 



1 The preliminary waste determination is based upon generator knowledge at the time of development of this plan.  Additional 
waste determination will be performed at the time of generation. 
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3.0 DOCUMENTATION 



A summary report will be prepared documenting the work performed, including any of any 
contingent work if conditions warrant, pursuant to this Work Plan.  The report will include 
appropriate photographic documentation, the surveyed final elevation of the backfilled vault and 
any testing and/or analytical laboratory results generated during the performance of the work.  
The report will include recommendations for next steps if any additional work is warranted 
following implementation of this Work Plan. 
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Attachment 1 



EPA Class V Well Pre-Closure Notification Forms Submitted 2010











 



 FMC Corporation  



 1735 Market Street  



 Philadelphia PA 19103 



FMC Corporation 215.299.6000 phone  



 215.299.6947 fax 
  
 www.fmc.com  
 
 



Via Email 
 
September 17, 2010 
 
Jennifer Parker, LG, LHG 
Groundwater Unit, OCE-082 
U.S. Environmental Protection Agency, Region 10 
1200 Sixth Avenue 
Seattle, WA 98101 
 
Subject: EMF Injection Well Follow up 
 Update to the FMC Plant OU database 
 
Dear Ms. Parker: 
 
Thank you for your patience as FMC has worked through available historical files to 
ensure completeness of this response to update U.S.EPA’s records regarding 
Underground Injection Wells at the FMC Plant Operable Unit of Eastern Michaud Flats 
(EMF) superfund site.  This letter serves to provide some background, and transmit the 
Class V Well Closure Notification forms as requested to remove all of these systems 
from the EPA database. 
 
Background 
 
When the Westvaco Corporation started up an elemental phosphorus manufacturing 
plant west of Pocatello, Idaho in 1949, facilities to treat sanitary wastes were not 
available to the site, thus, subsurface septic systems were installed at various locations 
throughout the plant site to treat sanitary wastes generated by site employees.  Process 
waste streams, e.g., wastewaters containing elemental phosphorus, were directed to 
surface impoundments in the western portions of the property, but as process water was 
decanted from the ponds and recycled / reused within the process, sanitary wastes were 
segregated to avoid cross contamination of the product. Similarly, plant quality 
assurance laboratory sink drains were handled separately as analytical reagents could 
also result in contamination of the product if commingled with process wastewaters. 
 
Over the course of the life of the plant, septic systems were modified, replaced, and 
even renamed, to accommodate growth of the facility and changes in the operation, e.g., 
new buildings.  In 1991, the site submitted an inventory to EPA listing five septic systems 
and one drain pit/field in use at that time which would have met the definition of a Class 
V Underground Injection Well pursuant to the Safe Drinking Water Act regulations.  EPA 
has asked that FMC update this inventory.  As significant time has passed, and in fact, 
the FMC Pocatello plant has since closed and most facility structures demolished, 
update to the inventory has entailed a comprehensive file review to ensure 
completeness in the identification of drain fields, seepage pits or other systems which 
would be regulated under the federal Underground Injection Control (UIC) program.   











Ms. Jennifer Parker 
US EPA 
September 17, 2010 – Page 2 
 
 



  



This file review has determined the status of each of those systems which would be 
defined as ‘injection wells’ under the UIC program, and a discussion of each follows.  It 
should be noted that no additional systems which would be regulated as ‘injection wells’ 
have been identified in the course of the review. 
 
1. “Chem Waste Drainfield.”   This system was used to dispose of wastewaters 



discharged down the sink drains from the onsite quality assurance laboratory 
building.  This system is discussed in greater detail in the May 2009 Supplemental 
Remedial Investigation Report for the FMC Plant Operable Unit (“the SRI Report”), 
where system closure in 1995 is described along with the results of the SRI soil 
investigation conducted at this source.  The drain line and waste drain sump remain 
in place, as identified on Table 4-51(e) of the SRI report (ID 101 and S10, 
respectively), which summarizes remaining Underground Piping, Sumps and 
Structures. 
 



2. “Ad Min” septic tank drain field.   This system was used to collect and treat sanitary 
wastes from the newer Administrative Office building and the Gate House until 1991, 
when these flows were tied into the City of Pocatello sewage treatment plant.  This 
tank was identified as out of service in Table 4-51(n) of the SRI report (ID S6) which 
summarizes remaining Underground Piping, Sumps and Structures. 



 
3. “Change House” septic tank drain field.  This system was used to collect and treat 



sanitary wastes from the old Engineering Office building, the lab/process building 
(other than lab sinks), the Training Center, the Maintenance Building showers and 
the Change House until 1991, when these flows were tied into the City of Pocatello 
sewage treatment plant and it ceased to function as a Class V UIC.  Except for the 
Training Center, the buildings which contained restroom facilities which were served 
by this unit have been demolished. The Training Center remains on site, and the 
bathrooms in that building discharge to this tank, which has functioned as a flow 
through tank, now referred to as the “Training Center tank.”  Nonetheless, this unit 
ceased to function as a Class V UIC in 1991. This tank was identified as remaining in 
service in Table 4-51(n) of the SRI report (ID S9) which summarizes remaining 
Underground Piping, Sumps and Structures. 



 
4. ”DP” septic tank drain field.  This system was used to collect and treat sanitary 



wastes from the older data processing building and maintenance office building until 
1991, when these flows were tied into the City of Pocatello sewage treatment plant 
and it ceased to function as a Class V UIC.  The buildings which contained restroom 
facilities which were served by this unit have been demolished. This tank was 
identified as out of service in Table 4-51(d) of the SRI report (ID S7) which 
summarizes remaining Underground Piping, Sumps and Structures. 
 



5. “Proportion Bldg” septic tank and drain field.  This system was used to collect and 
treat sanitary wastes from the Proportion building control rooms until 1994, when 
these flows were tied into the City of Pocatello sewage treatment plant and it ceased 
to function as a Class V UIC.  The buildings which contained restroom facilities which 
were served by this unit have been demolished and plant drawings label this system  
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“abandoned.”  Based on site engineering practice, this would indicate that the tank 
was removed. 
 



6. “Kiln Bldg” septic tank seepage pits.  This system was used to collect and treat 
sanitary wastes from the area of the former kiln and proportioning building control 
rooms, until 1994, when these flows were tied into the City of Pocatello sewage 
treatment plant and it ceased to function as a Class V UIC.  The buildings which 
contained restroom facilities which were served by this unit have been demolished 
and plant drawings label this system as “abandoned.”  Based on site engineering 
practice, this would indicate that the tank was removed.  The seepage pits are also 
labeled on plant drawings as “abandoned” which would indicate that they too were 
removed when the foundation for the Nodule Fines project was installed in this area 
subsequent to 1994.   



 
In reviewing the records, several conclusions and observations can be made: 
 
 There is no record that the site ever used a Class I, Class II, Class III, or Class IV 



UIC well.  Only Class V UICs were identified.   The 1991 Class V UIC inventory 
provides an additional line of evidence to corroborate the records search which was 
conducted to compile the SRI report. 
 



 There is no record that aside from the chem waste lab drain field, any industrial 
wastes were discharged to a UIC well at the FMC Plant OU. 



 
 All Class V UICs were taken out of service prior to 1999, the effective date of the 



current 40 CFR Subpart G rules.   
 
 Records indicated that FMC had other small septic systems on site which were tied 



into the City of Pocatello sewage treatment plant in the early 1990s, but these served 
fewer than 20 people, and thus were not included in the inventory or regulated as 
Class V UICs. 



 
 Extensive soil and groundwater investigation at the FMC Plant OU indicate none of 



these systems have adversely impacted soil or groundwater. 
 
Please feel free to contact me at (215) 299-6700 should you have questions regarding 
this information. 
 
Sincerely, 



 
Barbara E. Ritchie 
Associate Director, Environment 
 
Enclosure 
cc: Kira Lynch - EPA 
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Attachment 2 



EPA Class V Well Pre-Closure Notification Form for TC Vault 



Amended 2014 



 











United States Environmental Protection Agency



UIC Federal Reporting System



Class V Well Pre-Closure Notification Form



1. Name of facility:



Address of facility:



City/Town: State: Zip Code:



County: Location: Lat./Long.:



2. Name of Owner/Operator:



Address of Owner/Operator:



City/Town: State: Zip Code:



Legal contact: Phone number:



3. Type of well(s): Number of well(s):



4. Well construction (check all that apply):



Drywell Septic tank Cesspool



Improved sinkhole Drainfield/leachfield Other



5. Type of discharge:



6. Average flow (gallons/day): 7. Year of well construction:



8. Type of well closure (check all that apply):



Sample fluids/sediments Clean out well



Appropiate disposal of remaining fluids/sediments Install permanent plug



Remove well & any contaminated soil Conversion to other well type



Other (describe):



9. Proposed date of well closure:



10.Name of preparer: Date:



Certification



I certify under the penalty of law that I have personally examined and am familiar with the information submitted in this docu-
ment and all attachments and that, based on my inquiry of those individuals immediately responsible for obtaining the infor-
mation, I believe that the information is true, accurate, and complete.  I am aware that there are significant penalties for sub-
mitting false information, including the possibility of fine and imprisonment.  (Ref. 40 CFR 144.32).



Name and Official Title (Please type or print) Signature Date Signed



Type or print all information.  See reverse for instructions Form Approved 12/99  OMB No. 2040-0214



EPA Form 7520-17



FMC Corporation



Old Highway 30 West



Pocatello Idaho 83202



Power



FMC Corporation



1735 Market Street



Philadelphia PA 19103



Barbara Ritchie (215) 299-6700



Septic system 1



X



Sanitary waste, shower water, steam condensate



70 to 500 gpd Vault constructed 1974



X



X



X Removal and disposal of remaining contents of vault, plug inlet outlet and backfill with inert material.



October 2014



Barbara Ritchie



Barbara Ritchie; Associate Director Environment



X



X



(Vault)



(Inlet/outlet pipe)



9/30/2014



9/30/2014





sring


Text Box


Approval expires 11/30/2014





hartmanrj


Text Box


for Training Center Vault - Amended 2014





hartmanrj


Stamp
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Attachment 3 



FMC Plant Drawings Related to the TC Vault 
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APPENDIX A 



Contingent Training Center Vault Subsurface Investigation 



Sampling and Analysis Plan 
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Contingent Training Center Vault Subsurface Investigation 



Sampling and Analysis Plan 



As described in Section 2.1.1, Step 8 of the Training Center Vault Closure Work Plan, if the 
integrity of the concrete vault is suspected to have been compromised based on the post-
decontamination inspection, then a subsurface investigation will be performed at the vault.  This 
sampling and analysis plan (SAP) includes the field sampling plan and a quality assurance 
project plan (QAPP).  Standard operating procedures (SOPs) for this SAP are all referenced to 
the SRI Field Sampling Plan – May 2007 and are contained within that Plan.  The referenced 
SOPs were previously developed for the SRI for the FMC OU and will be used due to their 
applicability.   



1.0 FIELD SAMPLING PLAN 



1.1 TC Vault Subsurface Investigation 



If the contingent subsurface investigation is triggered due to observed cracks in the concrete 
walls or floor of the vault, then a boring(s) will be located in proximity to the observed crack(s).  
For example, if a significant crack is observed in the southwest corner of the vault, a boring will 
be located adjacent to the southwest corner of the vault.  If any holes or significant cracks are 
located in the floor of the vault, a boring will be advanced directly through the floor as close as 
practicable to the surveyed location of the crack or hole after the vault has been backfilled. If the 
contingent subsurface investigation is triggered due to poor overall integrity of the concrete walls 
or floor (e.g., visible spalling and exposure of concrete aggregate), then five borings will be 
advanced, two on the west, two on the east and one through the center of the vault.  The west and 
east borings will be biased towards the corners (joints) if the joints are visibly deteriorated or 
cracked.  In either scenario, the east and west borings will be located as close as practicable to 
the exterior wall of the vault (expected to be within 2 feet of the exterior walls).  The center 
boring will be advanced after the vault has been backfilled.  The contingent boring locations for 
the subsurface investigation triggered due to poor overall integrity of the walls/floor are 
presented in Figure A-1.    
 
A hollow stem auger drilling rig will be used to advance the borings.  The borings will be drilled 
to a depth of 40 feet below ground surface (bgs).  The boring depth is approximately two times 
the width of the vault (about 27 feet) below the bottom of the vault (bottom of vault is about 14 
feet bgs).  This depth is expected to intercept soil potentially impacted by a release from the 
vault. 
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Soil samples will be collected beginning at 15 feet bgs (corresponding to the depth of the bottom 
of the TC vault) and then sample every 5 feet to a total depth of 40 feet.  Samples will be 
collected from 2 foot intervals and the third 6-inch interval (from top) will be retained for 
laboratory analysis.  The materials will be logged in general accordance with USCS.  SOPs to be 
used during the sampling are found in Appendix B of the SRI Field Sampling Plan.   



Visual examination for the presence of P4 will also be performed using SOP -17 Visual 
Identification of P4 and Pond Sediments during Soil Sampling.  Samples submitted to the 
laboratory will be analyzed for the following constituents: metals, fluoride, total phosphorus and 
elemental phosphorus.  The full list of analytical parameters is presented on Table A-1. 



Based on the inspection of the condition of the vault, and if required, the results of the contingent 
subsurface soil investigation detailed in this plan, the subsurface investigation may be modified  
to include groundwater sampling downgradient of and in proximity to the vault and former 
drainfield. A field modification to this plan will be prepared for any additional subsurface 
investigation(s) if any additional work is warranted following implementation of the Work Plan 
for Training Center Vault Closure and, if required, the subsurface soil investigation. 



1.2 INVESTIGATION SAMPLING METHODS 



1.2.1 Drilling Method 



Hollow-stem augers are commonly used for drilling in unconsolidated materials with little or no 
cobbles and boulders up to 150 feet in depth.  Hollow-stem augers consist of two parts: a tube 
with flights attached to the outside and connected to the lead auger, and a center rod and bit 
which prevents soil from entering the center of the auger.  The individual auger flights are five 
feet in length and about 8 inches in diameter.  The lead auger bit is about 0.5 to 1 foot in length 
and varies in diameter.  The drill rig rotates the augers clockwise and downward pressure is 
applied to drill the augers into the ground.   



Soil sample collection for logging and analytical purposes can be completed by driving a 2-foot 
split-spoon sampler. The split-spoon sampler is either driven with a calibrated automatic hammer 
or using a manually operated slide hammer.  The split-spoon is both lowered to the bottom of the 
boring and retrieved using metal rods.  Additional details are found in SOP-10 Soil Boring 
Drilling and Abandonment.  



1.2.2  Split-Spoon Soil Sampling 



The casing or boring will be advanced to the desired interval, where a soil sample will be 
collected in a split-spoon sampler (two-inch outer diameter) that may be fitted with brass sleeves.  
When the desired sample interval is reached, the split-barrel sampler will be driven 18 or 24 
inches with blows from a 140-pound hammer falling 30 inches in general accordance with 
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ASTM D 1586.  The number of blow counts for each six inch interval will be recorded on the 
boring log. 



If refusal is met before the targeted sampling depths are achieved, the borehole will be backfilled 
and relocated laterally within a five-foot radius of the original sampling location.  Re-location of 
the borehole will continue until a sample is obtained.  Sampler refusal is generally indicated if 
more than 50 blows are required to advance the sampler 6 inches.  If any samples are 
successfully collected prior to refusal, these samples will be retained.  It should be noted that 
during the SRI, no borehole refusals were experienced during cap delineation sampling. 



Once the sample interval has been retrieved, soil samples will be collected for the required 
analyses.  The third brass sampling liner sample will be placed in an appropriate container and 
retained as a discrete sample.  Evaluation for P4 will be performed according to the methods 
outlined in SOP 17.  Samples will be labeled and handled following the sample handling 
protocols described in Sections 2.4 to 2.6 and SOP-12. 



Remaining soil not submitted for analysis will be used for visual inspection/logging and for soil 
headspace testing at specified locations.  A geologist, hydrogeologist, or engineer will log soils 
in general accordance with Unified Soil Classification System (USCS) protocol.  Soil cuttings 
and soil samples not submitted to the laboratory will be handled according to the IDW protocol 
in Section 1.3 and SOP-7. 



Split-spoon samplers and brass liners will be decontaminated prior to and after use and stored in 
clean plastic bags until use.  Additional details regarding the use of split-spoons samplers with 
brass liners are described in SOP-14.   



1.2.3  Equipment Decontamination 



Sampling equipment will be cleaned and decontaminated according to the details in SOP-3 
Equipment Decontamination.  Decontamination methods are summarized below. 



 Large equipment such as drill rig augers will be decontaminated using a pressure washer 
capable of delivering water at a minimum temperature of 180 degrees Fahrenheit. 



 Smaller equipment will be decontaminated between samples as follows: 



– Wash the equipment in low- or non-phosphate detergent (e.g., Alconox® 
or Liqui-Nox® solutions made as directed by the manufacturer). 



– Rinse with potable water 



– Rinse twice with deionized or distilled water 



– Rinse water will be handled as IDW according to Section 1.3 and SOP-7 
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1.2.4 Borehole Abandonment  



A geologist, hydrogeologist, or engineer shall supervise the abandonment activities and shall 
record details in the field notebook and on page 1 of the Soil Boring Log Form.  Soil borings will 
be abandoned as described below. 



 The borehole will be abandoned with soil cuttings extracted from the soil boring with any 
non-native fill material being place in the soil boring last. 



The uppermost one to two feet of the abandoned soil boring shall consist of native material, 
cement or asphalt to match the surrounding ground surface.  Additional details on abandonment 
methods are located in SOP-10 Soil Boring Drilling and Abandonment. 



1.3 Investigation Derived Waste (IDW) 



The National Contingency Plan (NCP), codified in 40 Code of Federal Regulations (CFR) 300, 
requires that investigation-derived waste (IDW) generated during a CERCLA site investigation 
be managed in compliance with all applicable or relevant and appropriate requirements (ARARs) 
to the extent practicable, considering the urgency of the situation.  As in most site investigations, 
IDW will be generated during field investigation program.  This section provides a summary of 
the approach to management of IDW generated during the SRI.  More detailed IDW 
management guidance is provided in SOP-7. 



Typical IDW generated during field activities are solid wastes and may include (but are not 
limited to) the following media and waste types:   



Fluids Solids 
Decontamination fluids and wastewater Soils and soil cuttings 
 Plastic tarps or sheeting 



 Decontamination solids 
 Spent personal protective equipment (PPE) 
 Packaging materials 



 Used containers, sample bottles 
  



  



  



 



The above wastes may or may not be encountered, generated or managed while performing this 
investigation.  However, all solid waste streams will be characterized to determine if they are 
hazardous wastes per 40 CFR § 262.11 for the purposes of handling and disposal.  Guidance 
from SOP-7 shall be used as part of project planning to estimate total volumes of IDW likely to 
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be generated during the anticipated SRI activities as well as how the IDW will be managed and 
disposed. 











     



   



Training Center Vault Closure Work Plan    August 2015 
Appendix A A-6  



2.0 QUALITY ASSURANCE PROJECT PLAN 



2.1 Introduction 



This section presents the QAPP as it pertains to soil sample collection, handling and testing of 
the soil samples for the contingent TC vault subsurface investigation.  Applicable SOPs are 
provided in the Appendix B of the SRI Field Sampling Plan – May. 



2.2 Project Team and Organization 



The overall organizational structure and key personnel for this project and responsibility and 
authority of each team member is presented below.   



2.2.1 FMC Project Coordinator 



FMC has overall responsibility for procuring consultants and contractors to perform the work.  
The FMC Project Coordinator is Ms. Barbara Ritchie. 



2.2.2 MWH Project Manager 



Mr. Rob Hartman is the MWH Project Manager and has overall responsibility for conducting the 
project in accordance with this work plan.   



2.2.3 MWH Field Team Leader 



Mr. Bill Bragdon will serve as field team leader (FTL) for this investigation and will be 
responsible for coordinating the necessary field resources and for ensuring site health and safety.  
Mr. Bragdon has worked extensively on the FMC OU property during the supplemental remedial 
investigation.  



2.2.4 Testing Laboratory 



ALS Laboratories will perform all laboratory testing on soil samples collected during this 
investigation.  ALS is an NELAC-accredited laboratory capable of performing all required 
analyses. 



2.3 Data Quality Objectives (DQOs) 



State the Problem   



The integrity of the concrete walls and/or floor of the TC vault is suspect based on the post-
decontamination inspection and may have impacted soils beneath the vault at levels that exceed 
background or soil screening levels (SSLs). 
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Identify the Decision 



The subsurface investigation is designed to determine if the TC vault has or has not impacted 
soils at levels that could be a threat to human health or the environment. 



Identify the Decision Inputs 



Decision Inputs 



The laboratory analytical results from the soil samples will be compared to soil background 
concentrations and SSLs documented in the SRI Report. 



Define the Boundaries 



Lateral Boundaries  



The initial lateral boundaries for the TC vault investigation is about 2 feet outside the exterior 
walls of the vault. 



Vertical Boundaries 



The initial vertical boundary for the TC vault is 40 feet bgs.  The boring depth is approximately 
two times the width of the vault (about 27 feet) below the bottom of the vault (bottom of vault is 
about 14 feet bgs).  This depth is expected to intercept soil potentially impacted by a release from 
the vault. 



Develop the Decision Rules 



The decision rules associated with soil sampling at the TC vault are as follows: 



 If the concentration of metals, fluoride, total phosphorus or elemental phosphorus in the 
deepest soil sample(s) at the boring location(s) is/are greater than the applicable SSL or 
background, then additional investigation may have to be performed.   



 If the concentrations of metals, fluoride, total phosphorus or elemental phosphorus in the 
deepest soil sample(s) at the boring location(s) are less than the applicable SSL or 
background, the TC vault has not impacted soils at levels that could be a threat to human 
health or the environment. 



Specify the Tolerance Limits of Decision Errors 



The soil sample analytes, soil background levels, soil screening levels and target analytical 
reporting limits are specified on Table A-1.  The laboratory analytical methods have an 
acceptable accuracy of + 25% (i.e., laboratory control sample results are within 75% to 125% of 
the actual sample concentration).  
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2.4 Sample Labeling 



All samples will be labeled in a clear, precise way for proper identification in the field and for 
tracking in the laboratory.  The samples will have identifiable and unique numbers.  At a 
minimum, the sample labels will contain the following information: 



 facility name 



 sample number 



 sample depth 



 date of collection 



 time of collection 



 initials or name of person(s) collecting sampling 



 analytical parameter(s) 



 method of sample preservation 



A coding system will be used to uniquely identify each sample collected.  The system will allow 
for quick data retrieval and tracking to account for all samples.  The sample designation will be 
recorded on the sample label and logbook, and will comprise these fields.   



 Samples will be numbered sequentially for each type of sample collected at the Training 
Center Vault (TCV). 



 A field that begins with alphabetic characters that identify the type of sample.  Sample-
type codes include the following: 



 SB = soil boring 



 Two digits will follow the alphabetic characters and will be sequential (e.g., “01” for the 
first soil boring, “02” for the second soil boring).   



 Followed by a number indicating the top of the soil sample depth interval based on 
retention of the third 6-inch brass sleeve from the split spoon sampler for the sample to be 
submitted to the laboratory. 



As an example, sample designation TCV-SB016.5 is the sample from the first soil boring 
collected from 16.5 (to 17) feet bgs.   
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2.5 Chain-of-Custody 



Each sample will be properly documented to facilitate timely, accurate, and complete analysis of 
the data.  The documentation system is used to identify, track, and monitor each sample from the 
point of collection through final data reporting.  Where practicable, this documentation system 
may be electronic.  Chain-of-custody protocol will be implemented and followed for all samples.  
A sample is considered to be in a person’s custody if it is: 1) in a person’s physical possession, 2) 
in view of the person after taking possession, or 3) secured by that person so that no one can 
tamper with it. 



Chain-of-custody forms will be used to ensure that the integrity of samples is maintained.  Each 
form will include the following information: 



 Sample number 



 Date of collection 



 Time of collection 



 Sample depth 



 Testing Requirements 



 Method of sample preservation 



 Number of sample containers 



 Shipping arrangements and airbill number, as applicable 



 Recipient laboratories 



 Signatures of parties relinquishing and receiving the sample at each transfer point 



Whenever a change of custody takes place, both parties will sign and date the chain-of-custody 
form, with the relinquishing person retaining a copy of the form.  The party that accepts custody 
will inspect the custody form and all accompanying documentation to ensure that the information 
is complete and accurate.  Any discrepancies will be noted on the chain-of-custody form.   



2.6 Sample Handling and Shipping 



After collection, samples will be properly stored to prevent degradation of the integrity of the 
sample prior to its analysis.  As applicable, this includes proper containerization storing the 
sample in a refrigerated environment, and analyzing the sample within prescribed holding times.  
Where practicable, FMC may electronically document sample handling, preservation, and 
storage.   
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All samples designated for off-site laboratory analysis will be packaged and shipped in 
accordance with applicable U.S. Department of Transportation regulations.  Samples will be 
sealed in the appropriate sampling container.  Sampling personnel will inventory the sample 
containers from the Site prior to shipment to ensure that all samples listed on the chain-of-
custody form are present.   



The originals of the analysis request and chain-of-custody forms will be sealed in a waterproof 
plastic bag and placed inside the shipping container prior to sealing the container.  The cooler 
will be taped shut using strapping tape over the hinges and custody seals placed across the top 
and sides of the cooler lid.  Custody seals will be used to preserve the integrity of each sample 
container and cooler from the time the sample is collected until it is opened by the laboratory. 
Two or more custody seals will be signed, dated, and placed on the front and back of the sample 
cooler prior to transport.  Clear tape will be placed over the custody seals to prevent inadvertent 
damage during shipping.  The tape should not allow the seals to be lifted off with the tape and 
reaffixed without breaking the seal.   



2.7 Project Documentation 



2.7.1 Field Logbooks 



The on-site geologist/environmental scientist will use a weather-resistant, bound, survey-type 
field logbook with numbered, non-removable pages to record in black or blue indelible ink all 
field activities including soil sampling, trenching, drilling, etc.  Daily information entered in the 
logbook will include: 



 Dates and times 



 Name and location of the work activities. 



 Weather conditions 



 Personnel, subcontractors and visitors on site 



 Sample locations and methods (including sampling equipment), time of sample 
collection, and sample depths 



 Samples submitted to the laboratory for analyses  



 Sample type (e.g., soil)  



 Name of carrier transporting the sample (e.g., name of laboratory and shipping carrier) 



 Photograph numbers and descriptions (if applicable) 



 Description of decontamination activities (if applicable) 
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 Schematic drawings of sample locations (if not done on field forms)  



 Any deviations from this plan  



 Health & Safety meetings including topics discussed and attendees 



 Accidents including near misses 



 Other relevant observations as the field work progresses 



 Problems and corrective actions 



 Field equipment calibration methods 



 Investigation-Derived Waste 



At the end of each field day, the project field book will be dated and signed by the field person 
that took notes during the day.  If the entire page is not used a line will be drawn through the 
unused portion of the page.  If pages are accidentally skipped, a line will be drawn through the 
entire page. All corrections will be made by drawing a line through the erroneous information 
and initialing the change.  “White-out” or its equivalent will not be used.  



If electronic record-keeping systems are employed, procedures will ensure that:  



 All original entries recorded are sufficiently backed up to avoid loss. 



 A system that preserves both the original record and any changes to the record, inclusive 
of the identification of the individual making the change exists, and will be implemented. 



 An archived record of all data entries will be protected to prevent unauthorized access or 
amendment of the electronic data. 



 Entries will be complete enough to allow for the historical reconstruction of all records.  



 The review of the records will be documented.   



2.7.2 Daily Quality Control Report (DQCR) Form 



DQCRs will be prepared by the FTL each day that fieldwork is performed.  The completed 
DQCRs will summarize daily activities and will include: 



 Dates and times 



 The type of work performed 



 The individuals performing the work 
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 Visitors and equipment on site 



 Quality control activities 



 Health and Safety 



 Problems encountered and corrective actions taken 



 Weather (including temperature, wind and humidity) 



 The report number 



The report number (on the bottom right) will start with number one on the initial report and then 
will be sequential through the duration of the project.   



2.7.3 Soil Boring Logs 



After collecting the required samples for geotechnical analyses the field geologist will make a 
visual description of the soil type and other lithologic or physical characteristics.  Lithologic or 
physical characteristics will include but not be limited to color, grain size, plasticity, density, soil 
moisture, odors, bedding, and other information needed to accurately describe the soil.  Soil 
borings will be logged for fill material type and depth (if any), soil classification, and the 
interface between fill (if any) and native soil material.  As well as providing a visual description 
of the soil, other information that may be entered on the Soil Boring Log Form will include: 



 Boring ID number 



 A sketch of the soil boring location 



 Project name and job number 



 Date drilled and date completed 



 Logged by 



 Total depth of the soil boring 



 Diameter of soil boring 



 Drilling contractor 



 Drilling method 



 Survey information including northing, easting and ground surface elevation 



 Soil boring abandonment procedure 
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 Number of blows to drive sampler (if applicable) 



 Soil sampler type 



 Amount of soil recovered in sampler  



2.7.4 Surveying 



The locations of the soil borings will be surveyed upon completion of the borings as described in 
this section.  The surveyed locations of the borings will be included in the summary report.  It is 
anticipated that the surveying will be completed using a handheld GPS unit.  A detailed 
description of the GPS and other surveying is found in SOP-6. 



All measurements will be referenced to the State Plane Coordinate System, North American 
Datum 1983 and North American Vertical Datum 1988.  Each sampling location will be marked 
with a wooden stake, a wooden lath or pin flag and will have the corresponding sample 
identification number written on the marker.  During surveying, the northing, easting and 
elevation will be stored in the GPS unit and downloaded onto a computer.  In addition, the 
northing, easting and elevation will be recorded a bound field notebook.  The GPS unit will be 
checked daily for accuracy at a control point or benchmark with a known northing, easting and 
elevation.   



In the event that the accuracy of the GPS does not meet the requirements of the FSP, a licensed 
surveyor may be required for increased accuracy.  The surveyor will be licensed in the State of 
Idaho.  Data collected by the surveyor will be provided in an electronic format. 



2.7.5 Soil Classification 



Soil will be described in general accordance with the Unified Soil Classification System (USCS) 
and the American Standards Testing Method (ASTM) Standard D 2488 - 90 Standard Practice 
for Description and Identification of Soils (Visual-Manual Procedure; ASTM, 1990).  A detailed 
description of soil classification that includes the information listed below is described in detail 
in SOP-8. 



Field observations of soil classification and other observations will be recorded on field sheets 
such as Soil Boring Logs.  Information included on the field forms will include the following, as 
appropriate: 



 Group symbol (GW, GP, GM, GC, SW, SP, SM, SC, ML, CL, OL, MH, CH and OH) 



 USCS name (silty gravel, silty fine sand, poorly graded sand, etc.) 



 Color (Munsell Chart) 
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 Angularity of coarse-grained soil  



 Particle size range and percentage (boulders, cobbles, gravel, sand, fines) 



 Plasticity (non-plastic, low, medium, high) 



 Density (for clay, silt and sand) 



 Moisture content (dry, moist, wet) 



 Noticeable odors (if any) 



 Structure (stratified, laminated, fissured) 



 Hardness of coarse particles 



 Cementation (if present) 



 Dry strength (none, low, medium, high, very high) 



 Dilatancy (none, slow, rapid) 



 Toughness (low, medium, high) 



 Minerals (if present) 



 Graphic log of bedding, changes of soil type, fractures, organics such as roots and the 
location of other physical features    



 Reaction with HCl (none, weak, strong). 



2.7.6 Photo Logs 



Photographic records of boring samples and general field activities shall be collected.  
Photographic records may also be taken to back up soil logging activities or to support the 
description of surface and subsurface features.  Photographic records may be acquired using a 
digital camera(s).  A bound field logbook shall be used for recording the photographer’s name, 
subject matter, borehole identification number, interval, and other pertinent information for each 
frame or digital image.  Any wasted frames or images in a roll of film or sequence of digital 
images shall be so noted in the field logbook. 



Photographic records using film will be converted to digital .jpg format.  Digital camera images 
will also be saved in .jpg format.  Copies will be saved onto recordable CD or DVDs and will be 
retained as project records, along with the backup copies of the associated field logbook entries. 
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2.8 Report 



A summary report will be prepared documenting the work performed pursuant to this sampling 
and analysis plan.  The report will include appropriate photographic documentation, the surveyed 
locations of the borings, and testing and/or analytical laboratory results generated during the 
performance of the work. 











Table A-1 
 



Soil Screening Levels and Reporting Limits for Inorganics in Soil 
 



Parameter 
Background* 



(mg/kg) 



Commercial 
Industrial 



Worker  SSL
(mg/kg) 



Construction 
Worker     



SSL 
(mg/kg) 



Utility 
Worker SSL



(mg/kg) 



SSL  
Protective of 



Groundwaterc  
(mg/kg) 



Reporting 
Limit 



(mg/kg) 



Antimony 2.2 454 104 1,360 5 0.2 



Arsenic 7.7 7.7a 14.6 173 7.7d 0.8 



Barium 188 61,700 8,360 109,000 1,600 20 



Beryllium 1 645 61.0 792 63 0.1 



Boron 12.8 223,000 5,210 67,800 450 1  



Cadmium 1.9 860 81.3 1,060 8 0.2  



Chromium 27.5 1,000,000b 551,000 1,000,000b 38 3 



Cobalt 7.6 553 52.2 679 630 0.8 



Copper 12.6 42,000 22,000 286,000 9,400 1 



Fluoride 600 68,100 33,000 430,000 12,000 60 



Lead  29.1 800e 800 e 800 e 800 e 3 



Lithium 16.1 22,700 11,900 155,000 4,200 2 



Manganese 482 23,500 77,100 1,000,000 390 50 



Mercury 0.16 340 464 6,030 2 0.02  



Molybdenum 2.15 5,670 2,750 35,800 81 0.2  



Nickel 15.5 6,450 404 5,250 130 2 



Phosphorus, 
total  



NA 22.7 117 1,000 NA 5 



Phosphorus, 
elemental g 



0 2.3 2.3 2.3 0.00015 0.0005h 



Selenium 1.36 5,670 2,750 35,800 5 0.1  



Silver 1.9 5,670 2,750 35,800 34 0.2 



Thallium 0.27 77.2 374 4,870 .7 0.03  



Vanadium 45.4 7,950 3,500 45,500 6,000 5 



Zinc 52.8 340,000 165,000 1,000,000b  12,000 5 



Note: 
* background from EMF ROD (EPA/541/R-98/034), Table 11 
a default to background since the Site Worker SSL is less than background 
b default to 1E+06 since SSL is greater than 1E+06 
c A dilution-attenuation factor (DAF) of 20 is incorporated into the SSLs protective of groundwater 
d default to background since the SSL protective of groundwater is less than background  
e SSLs for lead are based on the value cited by EPA's Adult Lead Methodology Workgroup as being 
protective at commercial/industrial sites (www.epa.gov/superfund/programs/lead/almfaq.htm) 



f Default to background because insufficient data exist to derive an SSL protective of groundwater for this 
constituent. 



g. Regional Screening Level (RSL) Industrial Soil Table (TR=1E-6, HQ=0.1) May 2014 - Noncancer Hazard 
Index (HI) = 0.1: Ingestion SL HQ=0.1 (mg/kg); and Regional Screening Level (RSL) Soil to Groundwater 
Supporting Table (TR=1E-6, HQ=0.1) May 2014 - Protection of Groundwater SSL: Risk Based SSL 
(mg/kg).   



h Laboratory Reporting Limit (RL) is 0.0005, laboratory will be requested to report to the method detection 
limit (MDL) of 0.00015 mg/kg. 
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ABSTRACT 
 
 



 Elemental phosphorus (P4) was manufactured from phosphate ore at 
FMC’s Pocatello, Idaho, facility (referred to throughout this report as the FMC 
operable unit [OU]), located on privately owned land within the Shoshone-
Bannock Tribes’ Fort Hall Indian Reservation. The now-closed facility includes 
disposal sites regulated under the Resource Conservation and Recovery Act, as 
amended, and the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA), as amended. In September 2012, the 
U.S. Environmental Protection Agency (EPA) issued an Interim Amendment to 
the Record of Decision for the CERCLA waste disposal sites on the FMC OU. 
The EPA determined that capping was the preferred approach for the long-term 
management of the disposal sites. However, the Shoshone-Bannock Tribes 
(Tribes) favor the permanent removal and/or treatment of P4. To address the 
Tribes’ concerns about the results of the CERCLA process, the EPA and the 
Tribes agreed to have Argonne National Laboratory (Argonne) perform an 
independent review of excavation and treatment technologies (ETTs). This report 
documents how the independent review was conducted and presents the results of 
the review.  
 
 Argonne’s Review Team examined in situ treatment technologies and 
ex situ ETTs. The ETTs evaluated by the Review Team are in various stages of 
maturity; some are available for use immediately, and others are in a theoretical or 
conceptual phase and will require a long lead time for development. In some 
cases, uncertainties about the Conceptual Site Model (CSM) prevented a full 
evaluation of ETTs. As a result, the Review Team recommends focusing only on 
mature ETTs that have a proven track record and that have been used successfully 
either at the former FMC facility or at other sites where P4 was handled. In 
addition to the most significant consideration (i.e., risk to site workers during 
implementation of the selected alternative), a decision to excavate and treat 
P4 waste would have several additional impacts, including the following:  
 
• Impacts on community health and safety, 
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• Impacts on the environment, and 
 
• Impacts on schedule and cost. 
 
 If, despite risks to workers and these potential impacts, stakeholders  
decide that P4 wastes need to be excavated and treated, the Review Team 
determined that a number of the ETTs examined warrant further consideration for 
the treatment of P4 waste that has been characterized (for example, P4 waste 
present in the historical ponds). Nevertheless, concerns about the health and 
safety of site investigation workers using then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of 
the site (e.g., the railroad swale, the vadose zone beneath the Furnace Building, 
and the abandoned railcars), As a result, the contaminant CSM in those particular 
areas was not refined enough to allow the Review Team to draw conclusions 
about using some of the ETTs to treat P4 waste in those areas. The readiness of an 
ETT for implementation varies depending on many factors, including stakeholder 
input, permitting, and remedial action construction requirements. Technologies 
that could be ready for use in the near term (within 1 year) include the following: 
mechanical excavation, containment technologies, off-site incineration, and 
drying and mechanical mixing under a tent structure. Technologies that could be 
ready for use in the mid-term (1 to 2 years) include cutter suction dredging, 
thermal-hydraulic dredging, and underground pipeline cleaning technologies. 
Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, a land disposal restriction waste treatment system, an Albright & 
Wilson batch mud still, post-treatment on-site disposal, and post-treatment off-site 
disposal. 



 
 



EXECUTIVE SUMMARY 
 
 
  In September 2012, the U.S. Environmental Protection Agency (EPA) issued an Interim 
Amendment to the Record of Decision for the FMC Operable Unit (OU), Eastern Michaud Flats 
Superfund site in Pocatello, Idaho (EPA Region 10 2012a). In the Supplemental Remedial 
Investigation/Feasibility Study (Supplemental RI/FS), a review was conducted of technologies 
that could be implemented to address elemental phosphorus (P4) in the soil (the principal threat 
waste) (MWH 2010). Throughout this report, P4 is used to refer to the highly reactive, toxic 
allotrope of elemental phosphorus also known as white or yellow phosphorus. On the basis of 
that review and the Comprehensive Environmental Response, Compensation, and Liability Act’s 
(CERCLA’s) nine criteria, the EPA determined that capping was the preferred approach. 
However, the Shoshone-Bannock Tribes (Tribes), who are major stakeholders, favor the 
permanent removal and/or treatment of P4. The Tribes have expressed concerns regarding the 
previous review of potential treatment technologies. To address their concerns, the EPA agreed 
to commission an independent review of excavation and treatment technologies (ETTs) for soils 
contaminated with P4 to supplement the original assessment of potential ETTs. 
 











 



xvii 



 The EPA and the Tribes agreed that the review should be conducted by an independent, 
objective entity capable of assembling researchers with world-class expertise in the subject 
matter. The EPA believes, and the Tribes have concurred, that Argonne National Laboratory 
(Argonne) has this capability. The EPA and the Tribes agreed to a framework for how the 
independent review is to be performed. This review framework is described in the July 1, 2014, 
document included in this report as Appendix A: Independent Review of Elemental Phosphorus 
Remediation at Eastern Michaud Flats, FMC Operable Unit, Work Order, per Interagency 
Agreement EPA DW-89-92291201/Proposal P-08125 (hereinafter called the “Work Order”). As 
the EPA indicates in the Work Order, the results of this independent review will ultimately 
supplement the previous evaluation of treatment technologies conducted pursuant to the 
Supplemental RI/FS. 
 
 Argonne submitted a Response to the Work Order, referred to as the Technical Proposal, 
on September 29, 2014. The Technical Proposal, included in this report as Appendix B, 
described the process for establishing an expert Review Team and proposed a scope of work for 
performing the independent review. The Review Team performed the following tasks to address 
the Work Order: 
 



• Reviewed existing site characterization information, 
 



• Reviewed technologies, 
 



• Evaluated applicability of technologies, 
 



• Proposed evaluation parameters, and 
 



• Documented results in a report. 
 
 The Review Team learned that due to site investigation worker health and safety issues, 
site investigators have avoided collecting any samples that contain P4. Therefore, only sparse 
site characterization data are available to indicate where the P4 is and is not located throughout 
the site. Although its vertical and lateral distributions is not well defined, it is inferred that P4 
can be found in the soil at the site at various concentrations, ranging from just above the 
analytical detection limit to its nearly pure form. Except at low temperatures, P4 oxidizes almost 
instantaneously upon exposure to air, releasing toxic gases. Red phosphorus and, in some cases, 
other compounds containing phosphorus are also present. Industrial process infrastructure 
(e.g., the underground pipelines used to convey gases from the electric arc furnaces to the 
calciner) could contain nearly pure P4, especially if the P4 in the pipelines has not been exposed 
to air. Railcars that are suspected to contain highly concentrated P4 are also buried at the site. As 
a result of the site’s product- and waste-handling practices, P4 in various forms has affected the 
native soil at the site, which is composed of silt, sandy silt, sand, gravel, gravelly silt, and 
cobbles. 
 
 P4 waste is present at the former FMC plant in waste disposal units that underwent 
closure under the Resource Conservation and Recovery Act (RCRA) and that are now being 
managed under RCRA post-closure plans. P4 waste is also present in portions of the plant that 
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were not regulated under RCRA (hereinafter called non-RCRA areas). This independent review 
did not focus on the closed disposal sites  regulated under RCRA. In some cases, however, the 
closed RCRA units are on top of or adjacent to the non-RCRA areas. The Review Team did not 
evaluate whether or not the proximity of the non-RCRA areas to the closed disposal sites 
regulated under RCRA would affect the ability to implement the ETTs discussed in this 
independent review. 
 
 Working with the EPA and the Tribes, Argonne proposed draft and draft final versions of 
the ETT review parameters from September 2014 to February 2015. The final version of the ETT 
review parameters includes the following:  
 



• Process maturity, 
 



• Limitations, 
 



• Time to implement (not including permitting and approvals), 
 



• Effectiveness of removing and/or treating P4 on site, 
 



• Process safety for site workers during implementation, 
 



• Community health and safety during implementation, 
 



• Impacts to the environment during implementation, 
 



• Post-implementation impacts on the environment and the community, and 
 



• Overall discussion of advantages and disadvantages. 
 
 After examining the issues at the FMC OU and the regulatory history at the site over the 
years, removal or remedial actions that were taken at similar sites in the past, and potential ETTs 
that might be applied, Argonne identified a number of principles that influenced the way the 
independent review was performed. These are as follows: 
 



• Technologies to safely excavate, size, create waste feed materials, and 
temporarily store P4 waste in preparation for treatment in a “downstream” 
ETT appear to exist (hereinafter called “ancillary technologies”). 



 
• Site worker safety issues associated with the implementation of any ex situ 



ETTs appear to be comparable to the site worker safety issues associated with 
the original manufacturing process for producing, packaging, and transporting 
P4 and managing P4 waste. Appropriate engineering controls and personal 
protective equipment (PPE) can be used to control worker exposure during 
remediation activity in compliance with worker protection regulations under 
the Occupational Safety and Health Administration. 
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• Any water requirements for ETTs (including water needs for ETT 
implementation and the potential for accentuating contaminant migration) can 
be addressed by modifications to the groundwater pump-and-treat system 
required in the Interim Record of Decision. 



 
 For the purposes of this independent review, the Review Team considered an ETT a 
technology that can excavate and/or treat P4 waste or that can reclaim P4 for reuse or produce a 
P4 by-product. ETTs include technologies that can treat P4 in situ. Furthermore, ETTs also 
include the ancillary technologies required to store, sample, size, and blend the waste feed for a 
treatment technology. P4 waste includes process waste, soil, and debris (in this case, debris is 
any man-made object) containing or contaminated with P4.  
 
 Potential ETTs that could be implemented at the FMC OU were researched extensively. 
The research focused on P4 ETTs but also considered how to deal with heavy metals and 
radionuclides that might be present in significant amounts at various locations within the FMC 
OU. The Review Team, recognizing that P4 and P4 by-products (post-treatment) have value, also 
examined recovery technologies. Landfill options were examined only insofar as they could be 
used to address residuals that remained after P4 was removed from soil and debris and/or treated 
to reduce its concentration to acceptable levels. 
 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered a reasonable potential for successfully and safely addressing the P4 waste. 
Only those technologies that made this cut are examined in detail in this report, using the ETT 
review parameters cited above. The technologies were categorized into groups depending on 
their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 
 



• Ex situ treatment technologies, including both on-site and off-site treatment; 
and 



 
• Ex situ (off-site) disposal technologies. 



 
 In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and buried railcars warranted special consideration. Technologies addressing 
these special cases are also included. 
 
 The Review Team examined in detail 18 ETTs that potentially could be applicable for 
excavating and treating P4 waste at the FMC OU. The technologies examined ranged in maturity 
from a theoretical or conceptual stage to a mature technology that has been used to treat P4 waste 
in real-world, full-scale systems.  
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 Although the in situ ETTs examined are potentially applicable to the FMC OU, 
uncertainties pertaining to both the Conceptual Site Model (CSM) and the in situ ETTs suggest 
that further consideration of these technologies in situ is not warranted because subsurface 
remediation, regardless of which ETT was implemented, would be incomplete. In addition, the 
in situ ETTs, with or without containment technology, would involve significant safety and cost 
issues, which would primarily be associated with the need to refine the CSM and perform bench- 
and pilot-scale studies. 
 
 The Review Team decided that several ETTs did not warrant further consideration; these 
included solvent stirred batch reactor, wet air oxidation, and technologies considered for 
abandoned railcars. Further consideration of wet air oxidation is not warranted due to operational 
issues. The solvent still batch reactor was rejected because the process is only at the bench-scale 
stage. Insufficient information is available to determine whether or not an excavation or 
treatment technology would be specifically applicable to the abandoned rail cars. A refined CSM 
is necessary before the Review Team could determine whether any excavation or treatment 
technology warrants further consideration. 
 
 After the evaluation process, the Review Team determined that the following ETTs 
warrant further consideration: 
 



• Containment technologies, 
 



• Mechanical excavation, 
 



• Cutter suction dredging, 
 



• Thermal hydraulic dredging, 
 



• On-site incineration, 
 



• Drying-mechanical mixing under a tent structure, 
 



• Albright & Wilson (A&W) batch mud still, 
 



• Land disposal restriction (LDR) waste treatment system (WTS), 
 



• Off-site incineration facility, 
 



• Post-treatment on-site disposal, 
 



• Post-treatment off-site disposal, and 
 



• Underground pipeline cleaning technologies.  
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 In addition to the most significant consideration (risk to site workers during 
implementation), a decision to excavate and treat P4 waste would have several effects. These 
include the following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and  
 



• Impacts on schedule and cost. 
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used in 
combination to treat only a subset of the P4 waste present at the site. Concerns about the health 
and safety of investigation site workers using the then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of the site, 
including, for example, the railroad swale, the vadose zone beneath the Furnace Building, and 
the abandoned railcars. It appears that no attempt was made to experiment with or to use 
alternative characterization methods (such as modified PPE, nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, etc.) as part of the investigation. As a result, 
the CSM in those particular areas is not refined enough to allow a full evaluation of ETTs and to 
allow the Review Team to draw conclusions about the efficacy of the ETTs examined. However, 
in other areas of the site, for example, the historical ponds, process knowledge (information 
about the process waste stream discharged to the historical ponds), and the information gathered 
during both the CERCLA investigations and the RCRA-related investigations, provide the 
information needed to determine whether or not the ETTs considered warrant further 
consideration for P4 in those areas. The readiness of an ETT for implementation varies 
depending on many factors, such as stakeholder input, permitting, and remedial action 
construction requirements. Technologies ready in the near-term (within 1 year) include 
mechanical excavation, containment technologies, off-site incineration, and drying and 
mechanical mixing under a tent structure. Technologies that could be ready in the mid-term (1 to 
2 years) include cutter suction dredging, thermal-hydraulic dredging, and underground pipeline 
cleaning technologies. Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-
treatment off-site disposal. 
 



 
 











 



1 



1 INTRODUCTION 
 
 
1.1 SUMMARY OF ISSUES AT THE FMC OPERABLE UNIT 
 
  Elemental phosphorus (P4) was manufactured from phosphate ore at FMC’s Pocatello, 
Idaho, facility (referred to throughout this report as the FMC Operable Unit [OU]), located on 
1,400 acres of privately owned land within the Shoshone-Bannock Tribes’ Fort Hall Indian 
reservation (land that is referred to as “Eastern Michaud Flats” or EMF). In 1990, FMC was the 
world’s largest producer of P4. Operating from 1949 until 2001, FMC (or predecessor 
P4 manufacturers) processed about 1.4 million tons of shale ore per year, produced 
250 million lb of P4 per year, and generated about 1,360,000 tons of hazardous waste per year 
(FMC 2000) (Figure 1-1). The FMC plant closed in 2001. 
 
 In September 2012, the U.S. Environmental Protection Agency (EPA) issued an Interim 
Amendment to the Record of Decision for the EMF Superfund site in Pocatello, Idaho 
(EPA Region 10 2012a). In the Supplemental Remedial Investigation/Feasibility Study 
(Supplemental RI/FS), a review of technologies that could be implemented to address the P4 in 
the soil (the principal threat waste) was conducted (MWH 2010). On the basis of that review and 
using the Comprehensive Environmental Response, Compensation, and Liability Act’s 
(CERCLA’s) nine criteria, the EPA determined that capping was the preferred approach. 
However, the Shoshone-Bannock Tribes (Tribes) favor the permanent removal and/or treatment 
of contaminants. The Tribes have expressed concerns regarding the previous review conducted 
on potential treatment technologies. To address the Tribes’ concerns, the EPA agreed to 
commission an independent review of excavation and treatment technologies (ETTs) for soils 
contaminated with P4 to supplement the assessment of potential ETTs. 
 
 



 



FIGURE 1-1 FMC Operable Unit  
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 For the purposes of this independent review, P4 waste is considered process waste 
(i.e., waste created by the P4 manufacturing process) and also soil contaminated with P4 and 
debris (man-made materials) contaminated with P4. An ETT is a technology that can excavate 
and/or treat P4 waste. Technologies that can treat P4 waste in situ were also considered ETTs. 
Furthermore, ETTs include the ancillary technologies required to store, sample, size, and blend 
the waste feed for a treatment technology. 
 
 
1.2 ARGONNE’S ROLE AS AN INDEPENDENT REVIEWER 
 
 The EPA is committed to working closely with the Tribes in framing and conducting this 
independent review of ETTs for soil contaminated with P4. The EPA and the Tribes agreed that 
the review should be conducted by an independent, objective entity capable of assembling 
researchers with world-class expertise in the subject matter. The EPA believes, and the Tribes 
have concurred, that Argonne National Laboratory (Argonne) has this capability. The EPA and 
the Tribes agreed to a framework for how the independent review is to be performed. This 
review framework is described in the July 1, 2014, document included in this report as 
Appendix A: Independent Review of Elemental Phosphorus Remediation at Eastern Michaud 
Flats, FMC Operable Unit, Work Order, per Interagency Agreement EPA DW-89-
92291201/Proposal P-08125, (hereinafter called the “Work Order”) Argonne National 
Laboratory, Environmental Science Division. As EPA indicates in the Work Order, the results of 
this independent review will ultimately supplement the previous evaluation of treatment 
technologies conducted pursuant to the Supplemental RI/FS. 
 
 To address the concerns of the Tribes, Argonne submitted a Response to the Work Order, 
referred to as the Technical Proposal, on September 29, 2014. The Technical Proposal, included 
here as Appendix B, describes how the Review Team initially planned to perform Phase 1 of the 
Work Order, which involved researching, reviewing, evaluating, and reporting on ETTs for the 
FMC OU. This independent review summarizes the results from Phase 1 of the Work Order. 
 
 
1.3 ESTABLISHMENT OF THE REVIEW TEAM 
 
 The Review Team consists of four Argonne staff members who are subject matter experts 
(SMEs). Information on the team members and their related expertise follows here: 
 



• Louis Martino, Environmental Systems Engineer, Argonne. Mr. Martino is an 
SME in the investigation and remediation of sites associated with chemical 
warfare agents and military munitions. He functioned as the project manager, 
health and safety officer, and field team manager for the RI/FS and the 
collection of samples related to the ecological risk assessment for the White 
Phosphorus Pits at Aberdeen Proving Ground. Mr. Martino was the Argonne 
project manager for the Final Independent Design Review: Simplot Site 
Eastern Michaud Flats Superfund Site, Pocatello, Idaho (EPA-542-R-09-
006), of August 2009. Mr. Martino is an SME in performing feasibility studies 
and making cost estimates for implementing remediation technologies. He is 
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also an expert on key regulatory frameworks that would likely have an impact 
on the feasibility of ETTs and their ability to be implemented, including the 
Resource Conservation and Recovery Act (RCRA) Land Disposal Restrictions 
(LDRs). 



 
• James Jerden, PhD, Geochemist, Argonne. Dr. Jerden is an expert on the 



reactive transport of contaminants and environmental mineralogy. He has 
more than a decade of experience in characterizing and modeling the 
processes by which radionuclides and other metals are transported into the 
biosphere. His recent work has focused on the speciation and mineralogy of 
actinides and phosphorus in the environment. 



 
• Todd Kimmell, Senior Environmental Analyst, Argonne. Mr. Kimmell has 



participated in a number of National Research Council committees involved in 
chemical weapons demilitarization, including several that have dealt with 
determining appropriate actions for chemical weapons disposed of at various 
sites across the United States. He has also supported several cleanup projects 
under RCRA and CERCLA at military sites within the United States, and he 
has been involved at a national level with guidance and training programs 
involving the remediation of hazardous waste sites. Mr. Kimmell is an SME 
on key regulatory frameworks that are likely to have an impact on the 
feasibility and the ability to implement CERCLA removal and remedial 
actions. He is also an expert in areas of hazardous waste characterization 
under RCRA and RCRA LDRs. 



 
• John Quinn, PhD, PE, Principal Hydrogeologist, Argonne. Dr. Quinn has 



expertise in hydrogeology, data visualization, and remediation technology and 
had prior experience working on the Final Independent Design Review: 
Simplot Site Eastern Michaud Flats Superfund Site, Pocatello, Idaho 
(EPA-542-R-09-006), of August 2009. Dr. Quinn also participated in the 
review of a remedial systems evaluation of the Homestake Mine in New 
Mexico and in a data gap analysis of Dover Gas Light Company’s Delaware 
site.  



 
Each member of the team has completed an Argonne-required form that identifies affiliations or 
activities that would constitute any conflicts of interest related to participating on the Review 
Team. No member of the team has worked for FMC or currently works for FMC. 
 
 
1.4 AGREED-UPON SCOPE OF WORK 
 
 The Review Team performed the following tasks to address the Work Order: 
 



• Reviewed existing site characterization information. The team reviewed 
existing information regarding site-specific conditions, such as site 
contamination profiles and the evolving Conceptual Site Model (CSM). No 
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additional sampling was commissioned or undertaken to support this review. 
The focus of the review was on those aspects of the CSM that relate 
specifically to P4, its chemical reactions, and its by-products in the soil at the 
FMC OU and on the aspects that could affect implementation of an ETT at the 
site. Impacted soil that could be encountered at the site includes silt, sand, 
gravel, cobbles, sandy silt, and gravelly silt. Other contaminants or media 
were evaluated as needed, since it is likely that the radiological and chemical 
constituents of concern that are present, their RCRA reactivity characteristics, 
and the myriad nonsoil media found throughout the site (e.g., plant 
infrastructure [concrete foundations, asphalt, underground piping, sumps, 
storm drains, sumps], slag, metal scrap, pollution control sludge) could have a 
profound impact on the efficacy of an ETT. This task included a site visit and 
walkover and a review of historical site information. 



 
• Reviewed technologies. This review identified technologies found in 



(1) existing literature; (2) applied research; and (3) bench-scale, pilot-scale, 
and/or operational situations that would be relevant to the conditions found at 
the FMC OU. The review also covered technologies evaluated previously at 
the FMC site. Opportunities for combining ETTs or using one or more ETTs 
in different locations at the FMC site were explored. 



 
• Evaluated applicability. The identified ETTs were evaluated for their 



applicability to the conditions found throughout the FMC OU. The site was 
divided into areas based on the Review Team’s understanding of how the 
P4 that was present related to the ETTs evaluated. 



 
• Proposed parameters. The Review Team proposed parameters to be used to 



evaluate the ETTs. The Review Team prepared draft and final versions of the 
parameters, hereinafter referred to as “ETT Review Parameters.” As a starting 
point, here is a list of those parameters: 



 
– Efficacy and feasibility (technical merits), 
– Advantages, 
– Disadvantages, 
– Limitations, 
– Time to implement, 
– Effectiveness of removing and/or treating P4, and 
– Health and safety. 



 
As specified in the July 1, 2014, Work Order from the EPA and the Tribes, the review did not 
include an evaluation of ETTs against the set of nine CERCLA criteria. However, in evaluating 
the “technical merits” called out above, Argonne considered specific criteria that could be 
considered similar to aspects of the nine CERCLA criteria. 
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1.5 STRUCTURE OF REPORT 
 
 As specified in the technical response from Argonne, the report is structured as follows: 
 



• Summary of the work to be performed; 
 



• Description of the ETTs, including the identification of other sites where 
ETTs have been used both domestically and internationally; 



 
• Description of the ETTs that warrant further consideration; 



 
• Summary on the use of ETTs at those sites and their applicability to the FMC 



OU; and 
 



• Identification of data gaps. For the ETTs examined, data gaps were identified 
for all applicable technologies needed to implement the ETTs at the site. In 
the case of ETTs that did not warrant a detailed examination because of the 
existence of data gaps, the Review Team identified further studies needed to 
fill those gaps.  
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2 BACKGROUND 
 
 
2.1 FMC SITE DESCRIPTION 
 
 Elemental phosphorus (P4) was produced at the FMC OU using phosphate-bearing shale 
ore originating from two different regional mine sites. Ore was shipped to the facility via rail, 
and it was either processed immediately or stockpiled. The ore was formed into briquettes, and 
the briquettes were calcined in rotary kilns.  By 1968, the briquettes were calcined using 
traveling grate calciners. The calcined briquettes were either stockpiled or immediately blended 
with coke and quartzite to create a feedstock for electric arc furnaces. The four electric arc 
furnaces produced gaseous P4, carbon monoxide (CO) gas, slag, and “ferrophos” (FeP). The P4 
gas was condensed into a liquid and then stored before being shipped off site as product. 
Electrostatic precipitators were located “downstream” of the phosphorus furnaces. Prior to 1955, 
precipitator solids were handled dry; after 1955, a slurry system was installed. 
 
 The manufacturing process, pollution control requirements, and product-handling 
practices resulted in the generation of high-volume and diverse waste streams that contained 
chemical and radiological constituents of concern, including P4 and other forms of phosphorus. 
For example, the water that was used to isolate the P4 product from contact with air (known as 
“phossy water”) was managed in a series of surface impoundments. Phossy water and the 
associated “phossy solids” were likely to contain P4. Process water used to make a slurry from 
precipitator dust generated during furnace operations was also likely to contain P4 and was 
managed in surface impoundments. The piping system (some of which was underground), which 
was used to route CO gas from furnaces to the kilns at first and to the calciners later, might also 
have contained P4. The slag created during furnace operations was also expected to contain P4. 
Surface impoundments (some of which were newly constructed to meet minimum technology 
requirements under RCRA) and on-site landfills were used to manage plant waste streams (that 
included, but were not limited to, phossy water, phossy solids, precipitator slurry, slag, and slag-
related soil and debris) and treatment residuals from kiln and calciner off-gas treatment. In some 
cases, the presence of P4 could only be inferred, because field sampling teams were either 
cautioned against or prohibited from exposing P4 containing subsurface materials to the air 
during the performance of the Supplemental RI (MWH 2009).  
 
 
2.2 SITE UNDERSTANDING/CONCEPTUAL SITE MODEL 
 



White phosphorus is acutely toxic and poisonous, with a fatal dose for humans around 
50 mg. White phosphorus will spontaneously ignite in air at temperatures greater than 30°C 
(86°F); therefore, in addition to keeping P4 under water whenever possible, another generally 
applicable safety precaution is to work with P4 only under cold conditions (Rivera et al. 1996). 
The physical and chemical properties of P4 that could affect the ETTs discussed below include 
its melting point of 44°C, its densities of 1.828 g/cm3 (solid) and 1.745 g/cm3 (liquid at 44.5°C), 
its vapor pressures of 3.4E-5 atm at 20oC and 1.0E-3 atm at 76.6°C, and its solubility of 
approximately 4 mg/L at 25°C in water (Rivera et al. 1996). 
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Oxidation of P4 results in a number of different gaseous phosphorus species, the most 
abundant of which is P2O5 (Rivera et al. 1996). When exposed to water or humid air, P2O5 is 
converted to phosphoric acid. This process can occur within human lungs after inhalation of 
P2O5, thus causing severe irritation. White phosphorus reacts to form phosphine gas (PH3) in 
moist, anoxic environments such as subsurface sediments and soils. The rate of this reaction 
increases dramatically with increasing pH (above 7) (Rivera et al. 1996). Phosphine gas is 
flammable and highly toxic with an auto-ignition temperature of 38°C and an LD50 (median 
dose) of 3 mg/kg. As with the oxidation/ignition hazard, the risk of PH3 production can be 
mitigated by working with P4 at low temperatures (at least below 30°C) (Rivera et al. 1996). 
 



In addition to the acute inhalation hazard and dermal hazards associated with skin 
contact, chronic poisoning due to long-term exposure to P4-related vapors and gases poses 
significant risks that need to be accounted for in assessing site worker safety. Chronic exposure 
to P4 vapors and associated gases can cause necrosis of the jaw bone (phossy-jaw) and damage 
to lungs, eyes, bones, and the gastrointestinal tract (Rivera et al. 1996). 
 



Soil co-located with other environmental media (surface water, sediment, and 
groundwater) or plant infrastructure that could have been affected by P4 is known or suspected 
to be present in the following remediation units (RUs) or areas of the FMC OU (Figure 2-1):  
 



• RU 1 – Furnace Building, secondary condenser, and loading dock; present 
possibly due to leaks and spills from production processes and waste 
management and/or injection of waste or excess P4;  



 
• RU 2 – Slag pit; present due to leaks and spills from production processes and 



waste management;  
 



• RU 13 – Pond 8S recovery process area and metal scrap preparation area; 
present due to management of waste materials in the adjacent old pond area;  



 
• RU 19c – Railcars (also known as “buried railcars” or “abandoned railcars”); 



present because they were filled with P4 sludge and then buried in the slag 
pile (RU 19);  



 
• RU 22b – Old pond area; present due to management and disposal of 



P4-containing soil and debris;  
 



• RU 22c – Railroad swale; present due to phossy water spills entering 
stormwater sewers and discharging to the stormwater retention pond; 



 
• Areas containing underground piping or sewer lines; present because they 



carried phossy water, precipitator slurry, or CO gas and could thus potentially 
contain residual P4 or because they might have leaked P4 (RUs 1, 2, 3, 8, 12, 
13, 22b, and 24); and 



 
• P4 in the capillary fringe above the groundwater in RUs 3 and 7. 
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FIGURE 2-1 RU Boundaries at the FMC Plant (Source: MWH 2010) 
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The P4 that is present in the soil at the site could be encountered at various 
concentrations, ranging from just above the analytical detection limit to its nearly pure state. 
Since P4 oxidizes almost instantaneously upon exposure to air (except at low temperatures), 
oxidation by-products, such as red phosphorus and, in some cases, phosphate minerals, are 
probably also present. Industrial processes (e.g., the pipelines used to convey CO gas from the 
electric arc furnaces to the calciner) could contain nearly pure P4, especially if the P4 in the 
pipelines has not been exposed to air. The buried railcars in RU 19c reportedly contain P4 sludge 
with concentrations ranging from 75% to 95%, as reported in Appendix B of the Supplemental 
FS, or with P4 sludge concentrations ranging from 10% to 25%, as reported in the main text of 
the Supplemental FS (MWH 2010). The correct P4 concentration is unknown to the Review 
Team. Various forms of P4 from the site’s product- and waste-handling practices has affected the 
native soil at the site, which is composed of silt, sandy silt, sand, gravel, gravelly silt, and 
cobbles. 
 
 Production processes and waste-handling practices have changed over time. Some of the 
surface impoundments used to handle the phossy water and the precipitator slurry were defined 
as hazardous waste management units under RCRA and were closed under EPA-approved 
RCRA closure plans. The rotary kilns were replaced with traveling grate calciners in 1968. 
Off-gas from the kilns and calciners was treated with wet scrubbers. Scrubber liquor blowdown 
was managed in both lined and unlined surface impoundments, some of which were 
deconstructed and placed in the RCRA units. In addition, slag handling practices have also 
changed over time. Table 2-1 summarizes the amounts of phosphorus that could potentially be 
present in the various RUs listed. The distribution of the P4 waste present at the site is roughly as 
follows: about 10,870 tons of P4 waste with P4 concentrations ranging from 0.25% to 20% are 
present in about 482,224 yd3 of fill. The more concentrated P4 waste present in the capillary 
fringe, the railcars, and underground piping contains about 7,500 tons of P4 waste with 
P4 concentrations greater than 20% present in 2,800,000 yd3 of fill. Figure 2-2 depicts the mass 
of P4 present in the historical ponds and railroad swale in relation to the mass of P4 present in 
the railcars, piping, and capillary fringe. 
 



The contaminant CSM is somewhat refined for some RUs and is almost hypothetical for 
other RUs. As discussed below, there are few or no sample results to characterize the presence of 
P4 in the deep subsurface (e.g., the capillary fringe and the vadose zone beneath the Furnace 
Building). However, process knowledge can be used to characterize the contents of the waste 
present in the historical ponds. In addition, borings have been collected adjacent to or within 
several of the historical ponds, resulting in additional information that contributes greatly to the 
contaminant CSM for the historical ponds. Investigators have even described soil borings 
collected from historical ponds within RU 22B as “pure precipitator dust” and “phossy solids” 
(EPA 2003). 
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TABLE 2-1 Location, Mass, Likely Concentration, Aerial Extent, Relative 
Depth (to Native Soil or P4), and Fill Volume of P4-Containing Areas 



Location 



Maximum 
P4 Mass 



(tons) 



Likely P4 
Concentration 



(wt%) 
Area 



(acres) 



 
Depth to 
Native 



Soil or to 
P4 (ft) 



Total Fill 
Volume 
(yd3)a 



      
Capillary fringe, RU 1, 
RU 2, RA-B 



5,470 50 7.8 90 to P4 2,500,000 



      
Pond 7S, RU 22b, RA-C 4,420 20 3.6 20 116,160 
      
Pond 6S, RU 22b, RA-C 3,000 10 2.3 20 74,213 
      
Railcars, RU 19c, RA-F  2,000 25b 2.7 120 to P4b 300,000 
      
Pond 3S, RU 22b, RA-C 1,070 10 1.2 20 38,720 
      
Pond 5S, RU 22b, RA-C 1,000 10 1 20 32,267 
      
Pond 4S, RU 22b, RA-C 790 10 0.8 20 25,813 
      
Pond 10S, RU 22b, 
RA-C 



390 10 1 20 32,267 



      
Pond 2S, RU 22b, RA-C 100 10 0.8 20 25,813 
      
Pond 8S Material, 
RU 13, RA-C 



60 0.25 3.6 23 66,630 



      
Pond 1S, RU 22b, RA-C 30 1 0.5 20 16,133 
      
Railroad swale, RU 22b, 
RA-C 



10 1 2.4 14 54,208 



      
Piping in RUs 1, 2, 3, 8, 
12, 13, 22b, 24 



3-30 Up to 100 –c,d 10 –d 



 
a Rough estimate based on simple geometric calculation: area × depth to native soil. 
 
b Since Table 2-1 was published (in MWH 2010), FMC has removed 20 to 40 ft of slag 



from the top of the slag pile to other areas at the site.  
 
c In contrast to this concentration, Appendix B of the Supplemental FS reports a percent 



concentration ranging from 75% to 95%. 
 
d A dash indicates not applicable (i.e., there is no area or fill associated with piping). 
 
Source: Table 2-1 in the Supplemental FS (MWH 2010). 
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FIGURE 2-2 Estimated Mass and Concentrations of P4 Present at the 
FMC OU 



 
 
 Section 4.2 of the Supplemental RI (FMC 2009) describes the P4 operations in RU 1 and 
RU 2 and the locations of P4 sumps and tanks. The CSM for the Furnace Building vicinity 
assumes that warm, liquid P4 migrated downward from the sumps and tanks (Figures 2-3 and 
2-4). Figures in various FMC documents show a circular area in RU 1 and RU 2 labeled the 
44°C isotherm. A temperature of 44°C is the melting point of P4. It is not clear from the 
available information whether the mapped isotherm is current or historical, surficial or to depth, 
or measured or theoretical. The CSM description states that the P4 migrated through the 
approximately 80- to 85-ft vadose zone as a liquid to the capillary fringe and moved along the 
capillary fringe in the direction of groundwater flow (to the northeast). 
 
 A different aspect of the CSM for the deep Furnace Building P4 is the possibility of an 
injection well(s) used to dispose of impure or excess pure P4. On the basis of discussions at the 
September 21, 2015, meeting at the Fort Hall Tribal Business Council, the injection well was 
said to be at the west end of the Furnace Building and was used to dispose of P4 waste near the 
water table. The piping was warmed by circulating hot water through a double casing to prevent 
clogging. Some of the P4 was pure but was excess once the railcars were full. This practice 
continued until the early 1990s when the well was hidden by a slab of concrete. An online 
database of wells was searched for a possible injection well(s) at the west end of the Furnace 
Building (Idaho Department of Water Resources 2015); however, the data in this source are only 
as recent as 1992, so the existence of an older injection well could not be confirmed.  
 
  



10,870.00 



7,500.00 



Estimated mass of P4 (18,370 tons)



Historical ponds and RR Swale,P4 concentration 0.25 to 20%



Railcars, piping and capillary fringe, P4  concentration > 20%
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 It is possible that P4 beneath the Furnace Building is present due to both the use of an 
injection well and the infiltration of P4 leaked from sumps and tanks. The former would explain 
the deep P4 observed in several boreholes (described below); the latter would explain any P4 in 
the thick unsaturated zone and also possibly the deep P4.  



Only sparse site characterization data are available to indicate where the P4 is and is not. 
Its distribution vertically and laterally is not well defined. The soil borings that were completed 
for the Supplemental RI were done to define the future cap boundary for RU 1 (Figure 2-3), and 
the drilling and sampling plan seemed to address areas far from where P4 would be expected. 
Three borings encountered P4 northeast (hydraulically downgradient) of the RU 1 and RU 2 area 
and were quickly abandoned once the P4 was detected. On the basis of this precedence, it is 
difficult to propose field activities (using conventional investigation techniques and routine 
health and safety protocols) that would require any drilling or sampling of subsurface materials 
that could potentially contain P4. There are obvious worker safety issues connected with 
collecting split spoon samples or having auger cuttings that reach the surface.  
 
 



 



FIGURE 2-3 Characterization Data for P4 near the Furnace Building (Source: FMC 2009, 
Figure 4-1) 
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 Of the soil borings drilled in RU 1 and RU 2 (Figures 2-3 and 2-4), Borings 004, 004a, 
and 005 encountered P4, each at about 80 ft deep. This location is just above the saturated zone 
according to equipotential contour maps. According to the drilling logs, the conditions at various 
depths in the thick unsaturated zone above the P4 ranged from dry to slightly moist to moist. The 
unsaturated zone at the three holes was logged as being of various textures of silt/sand/gravel, 
consistent with alluvial deposition. Split spoon samples collected at 10-ft intervals suggest silt 
with fine sand, fine-to-coarse sand with gravel, and fine-to-coarse sandy fine and coarse gravel, 
respectively, in the final sample collected at each borehole. 
 
 The CSM for the Furnace Building vicinity therefore includes P4 in two subsurface zones 
(Figure 2-4):  
 



1. In the unsaturated zone (ignore the perfectly shaped impact zones in the 
figure), which is completely uncharacterized; and 



 
2. In the capillary fringe, which is characterized only by three soil borings and is 



completely unbounded. 
 
 



 



FIGURE 2-4 Plan View and Simplified Representation of P4 in the Subsurface 
(Source: FMC 2009, Figure 4-2) 
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 The characterization of the P4 in the Furnace Building vicinity was minimal. 
Conceptually, the Supplemental RI (FMC 2009) depicts molten P4 in Furnace Building tanks and 
sumps as traveling vertically downward approximately 80 ft to the water table. There the P4 
traveled in the capillary fringe zone, presumably in the northeasterly direction of the hydraulic 
gradient of the groundwater. 
 
 The melting point of P4 is 44°C. Since molten slag was periodically tapped from the 
electric arc furnaces and drained to a slag pit, any P4 that escaped from the Furnace Building was 
probably warmer than the melting point of P4 (FMC 2009). To add to the CSM, any liquid P4 in 
the thick unsaturated zone would have traveled downward through the alluvial sediments, 
consuming residual oxygen (if any) in the void spaces through exothermic reaction. It would 
have cooled along its vertical pathway, losing heat to the sediments, but it would have still been 
a liquid above 44°C when it reached the capillary fringe. There it would have flowed 
northeastward based on the groundwater’s hydraulic gradient. In the capillary fringe zone, the 
P4 would have lost heat more rapidly to both the sediments and especially to the groundwater, 
generating steam if the temperature was above 100°C. Alternatively, the P4 could have been 
released near the water table by a heated injection well system. It is possible that both transport 
mechanisms could have been in effect. In either case, the P4 may have built up as a mass or 
“blob” of an unknown thickness as it flowed and cooled to a waxy solid, filling the void spaces 
in the sediments. The extent of the blob is estimated only by evidence of smoking augers from 
three soil borings (Figure 2-4). The distribution of the P4 in the 80-ft-thick unsaturated zone is 
largely uncharacterized and unknown. The 44°C isotherm was modeled by investigators 
(FMC 2009). The depiction of P4 subsurface presence and migration in Figure 2-4 is based on 
that model. The absence of good information about the presence of P4 in the subsurface makes 
evaluating bench-scale, pilot-scale, and certainly full-scale in situ ETTs difficult. Bench- and 
pilot-scale testing for in situ ETTs is essential, as discussed in Section 5.1. As important as such 
testing is for the evaluation of ETTs, bench- and pilot-scale testing is also needed to better 
understand how P4 has behaved in the subsurface. As discussed in Section 6.2, some 
understanding of the specific retention of P4 in the subsurface is needed before pilot- or bench-
scale ETT studies can be planned. 
 
 
2.3 REGULATORY BACKGROUND FOR THE EVALUATION OF ETTS 
 
 The former FMC plant is regulated under both RCRA, as amended, and CERCLA, as 
amended.1 P4 waste is present at the former FMC plant in waste disposal units that are being 
managed under RCRA post-closure plans. P4 waste is also present in portions of the plant that 
were not regulated under RCRA (hereinafter called non-RCRA areas) that are regulated under 
CERCLA, as amended. This independent review did not focus on the closed disposal sites that 



                                                 
1 RCRA regulation of process wastes from the beneficiation of minerals and ores is affected by the Bevill 



amendments and exemptions. The Bevill exemption for waste generated during the production of P4, except 
furnace off-gas solids, ended on March 3, 1990. The exemption for furnace off-gas solids ended on July 23, 1990. 
Upon the lifting of the Bevill exemption, beneficiation wastes that were hazardous waste were subject to RCRA 
regulation. Exempt wastes disposed of prior to the lifting of the Bevill exemption would not be subject to RCRA 
(provided they are not subsequently managed in a way that triggers RCRA) but can be and are being addressed 
under CERCLA. See http://www3.epa.gov/epawaste/nonhaz/industrial/special/ for details. 
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are regulated under RCRA post-closure plans. In some cases, the closed RCRA units are on top 
of or adjacent to the non-RCRA areas (Figure 2-5). The Review Team did not evaluate whether 
or not the proximity of the non-RCRA areas to the closed disposal sites regulated under RCRA 
would affect the ability to implement the ex situ ETTs discussed in this independent review. 
 
 
2.4 INTERIM RECORD OF DECISION AMENDMENT AND CLEANUP PLAN 
 
 In September 2012, EPA Region 10 released the Interim Record of Decision Amendment 
(IRODA) for the EMF Superfund Site FMC OU (EPA Region 10 2012a). The IRODA represents 
the current plan for remediation of the FMC OU. This plan focuses on elemental phosphorus, 
metals, and radiation in soils, fill, and groundwater. The IRODA is summarized here because 
some of the proposed remedial actions, including the groundwater pump and treat (P&T) system, 
informed the way the Review Team performed the evaluation of ETTs. The IRODA calls for 
placing an engineered cap over contaminated soils to protect human health and the environment. 
The cap is designed to prevent rain and melting snow from filtering through the contaminated 
areas and polluting the groundwater below. The plan also requires treatment to clean the 
groundwater before it reaches local springs or the Portneuf River. The EPA indicates that the 
remediation plan was developed after careful consideration of extensive comments that it 
received during the public comment period on the September 2011 Proposed IRODA Plan 
(EPA Region 10 2011). 
 
 The 2012 IRODA (EPA Region 10 2012a) includes the following remedial actions: 
 



• Installing a protective cap to provide a barrier to underlying contamination 
and to prevent water from moving through the contamination and polluting 
the groundwater; 



 
• Adding about 12 in. of soil over some areas to prevent exposure to radiation 



from polluted areas; 
 



• Cleaning elemental phosphorus from underground concrete pipes; 
 



• Installing a groundwater extraction and treatment system to keep pollution 
from local springs and the Portneuf River; 



 
• Installing barriers, such as additional fencing, after the caps are constructed to 



further limit site access; 
 



• Placing restrictions on future site use and prohibiting some activities, such as 
digging in capped areas and using contaminated groundwater; and 



 
• Developing and implementing a long-term monitoring and maintenance 



program for the groundwater treatment system, caps, and other barriers. 
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FIGURE 2-5 RCRA and CERCLA Disposal Sites (Source: FMC 2009, Figure 5) 
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 Additional alternatives previously screened and considered by EPA may be reviewed by 
examining the IRODA (EPA Region 10 2012a). 
 
 The EPA indicated in its fact sheet released in October 2010 (EPA Region 10 2012b) 
that:  
 



This cleanup plan, details work for the former FMC plant that was not included in 
the original 1998 Record of Decision. Once the groundwater treatment system is 
in operation, predictions on how long it will take to meet our goals and whether 
changes are required to ensure cleanup goals are met can be more accurately 
determined. In addition, EPA has not yet determined if the recently adopted 
Shoshone-Bannock Tribal Soil Cleanup Standards apply to the cleanup. For these 
reasons, this plan is considered “interim” and a “final” cleanup plan will be 
developed in the future. 



 
 As of the date of writing of this report, Argonne believes that the EPA has not yet 
determined how to address the Shoshone-Bannock Tribal Soil Cleanup Standards. These cleanup 
standards are further addressed in Section 2.5 of this report. 
 
 Background information and the Superfund process flowchart for the FMC property, 
taken from the 2012 EPA fact sheet, are shown in Figure 2-6 (EPA Region 10 2012b). 
 
 
2.5 APPLICABLE REGULATORY CRITERIA AND CLEANUP LEVELS  
 
 
2.5.1 Principal Threat Waste at the FMC OU 
 
 On the basis of the assumption that soil and debris that contain P4 at the FMC OU could 
be subject to some form of active remediation (as opposed to cap and cover), several different 
types of cleanup criteria would be applicable. First, note that according to the IRODA, the EPA 
considers P4 to be the principal threat waste at the FMC OU (EPA Region 10 2012a): 
 



EPA has identified elemental phosphorus existing in concentrations exceeding 
1,000 parts per million (ppm) in soil as a source material and principal threat 
waste at the FMC OU, because it will present a significant risk to human health 
and the environment should exposure occur. The National Contingency Plan 
(NCP) establishes an expectation that EPA will use treatment to address the 
principal threats posed by contaminants at a site wherever practicable 
(NCP Section 300.430(a)(1)(iii)(A)). 



 
Principal threat wastes are those source materials considered to be highly toxic or 
highly mobile that generally cannot be reliably contained or would present a 
significant risk to human health or the environment should exposure occur. EPA’s 
decision to treat these wastes is made on a site specific basis through a detailed 
analysis of the alternatives using the nine remedy selection criteria. 
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FIGURE 2-6 Project Background and Superfund Process Flow Chart 
(Source: EPA Region 10 2012b) 
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Elemental phosphorus is a RCRA ignitable and reactive waste and is also a 
principal threat waste that has physical properties unlike most contaminants of 
concern (COC) encountered in environmental response actions. Because of its 
unique properties, managing elemental phosphorus requires special handling 
techniques not only for routine handling but also for emergency response. 



 
It is clear from this statement that P4 — and presumably soil and debris containing P4 — are 
considered to be a RCRA ignitable and reactive waste, meaning that soil and debris containing 
significant amounts of P4, once exhumed, would exhibit the RCRA characteristics of ignitability 
and reactivity, and possibly also the RCRA toxicity characteristic. These RCRA hazardous waste 
characteristics are described next. 
 
 
2.5.2 RCRA Hazardous Waste Characteristics 
 
 Several of the RCRA hazardous waste characteristics are regulatory criteria that would be 
applicable to any form of active remediation being done by using an ETT at the FMC OU. These 
include the RCRA characteristics of ignitability, reactivity, and toxicity. 
 
 



2.5.2.1 Ignitability Characteristic (40 CFR 261.21) 
 
 With regard to the RCRA characteristic of ignitability, ignitable waste is defined as 
follows (the following list is directly quoted from regulation): 
 



“1. It is a liquid other than an aqueous solution containing less than 24 percent alcohol by 
volume and has flash point less than 60°C (140°F), as determined by a Pensky-
Martens Closed Cup Tester, using the test method specified in ASTM Standard 
D 93-79 or D 93-80 (incorporated by reference, see § 260.11), or a Setaflash Closed 
Cup Tester, using the test method specified in ASTM Standard D 3278-78 
(incorporated by reference, see § 260.11). 



 
2. It is not a liquid and is capable, under standard temperature and pressure, of causing 



fire through friction, absorption of moisture, or spontaneous chemical changes; and, 
when ignited, burns so vigorously and persistently that it creates a hazard. 



 
3. It is an ignitable compressed gas. 



 
4. It is an oxidizer. An oxidizer for the purpose of this subchapter is a substance such as 



a chlorate, permanganate, inorganic peroxide, or a nitrate, that yields oxygen readily 
to stimulate the combustion of organic matter (see Note 4).” 



 
 Because P4 is not a liquid at standard temperature and pressure, it would not meet the 
first criterion listed above. However, it would be considered ignitable under the second criterion. 
Not all soil and debris containing P4 would meet the RCRA ignitability characteristic, however, 
because there would be a concentration of P4 in the soil and debris below which the soil and 
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debris would not necessarily be ignitable. Argonne interprets the 2012 IRODA statement that 
“EPA has identified elemental phosphorus existing in concentrations exceeding 1,000 parts per 
million (ppm) in soil as a source material and principal threat waste” as the concentration cutoff 
for what would be a RCRA ignitability characteristic hazardous waste. In other words, soil and 
debris containing P4 at a concentration equal to or above 1,000 ppm/kg (i.e., 1,000 mg/kg) would 
be considered ignitable. It then follows that soil and debris treated either to remove P4 to below 
this level or to alter the form of P4 so that it would no longer be ignitable would also render the 
soil/debris nonignitable. 
 
 



2.5.2.2 Reactivity Characteristic (40 CFR 261.23) 
 
 Similarly, exhumed soil and debris containing P4 above a certain level or activity at the 
FMC site would also meet the RCRA characteristic of reactivity. According to the RCRA 
reactivity characteristic, soil or debris would be reactive if one or all of the following were true 
(the following list is directly quoted from regulation): 
 



“…1. It is normally unstable and readily undergoes violent change without 
detonating. 



 
2. It reacts violently with water. 



 
3. It forms potentially explosive mixtures with water. 



 
4. When mixed with water, it generates toxic gases, vapors, or fumes in a 



quantity sufficient to present a danger to human health or the environment. 
 



5. It is a cyanide- or sulfide-bearing waste, which, when exposed to pH 
conditions between 2 and 12.5, can generate toxic gases, vapors or fumes in a 
quantity sufficient to present a danger to human health or the environment. 



 
6. It is capable of detonation or explosive reaction if it is subjected to a strong 



initiating source or if heated under confinement. 
 



7. It is readily capable of detonation or explosive decomposition or reaction at 
standard temperature and pressure. 



 
8. It is a forbidden explosive as defined in 49 CFR 173.54, or is a Division 1.1, 



1.2, or 1.3 explosive as defined in 49 CFR 173.50 and 173.53.  
 
(b) A solid waste that exhibits the characteristic of reactivity has the EPA 



Hazardous Waste Number of D003.”  
 
 The propensity of P4 to spontaneously smoke and ignite, as well as evolve phosphine and 
other toxic gases, would cause soil and debris containing P4 to meet the RCRA reactivity 
characteristic. As is the case for the RCRA ignitability characteristic, there is a level or 
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concentration of P4 in soil and debris that would be low enough so that soil and debris would not 
smoke or ignite or so that amounts of phosphine or other toxic gases would not evolve to a 
significant degree. Soil and debris containing P4 below this level would be considered 
nonreactive under the RCRA definition. As is the case for the RCRA ignitability characteristic, 
Argonne interprets the 2012 IRODA statement that “EPA has identified elemental phosphorus 
existing in concentrations exceeding 1,000 parts per million (ppm) in soil as a source material 
and principal threat waste” as the concentration cutoff for what would be a RCRA reactive 
characteristic hazardous waste. In other words, soil and debris containing P4 at a concentration 
equal to or above 1,000 ppm (i.e., 1,000 mg/kg) would be considered reactive. It then follows 
that soil and debris treated either to remove P4 to below this level or to alter the form of P4 so 
that it is no longer reactive would also render the soil/debris nonreactive. 
 
 Argonne therefore presumes that soil or debris exhumed from the FMC OU that contains 
P4 in concentrations equal to or greater than 1,000 mg/kg would meet the RCRA characteristics 
of ignitability and reactivity. 
 



Argonne notes that EPA has not established a minimum P4 level in wastes to define 
whether or not such wastes would meet the RCRA ignitability or reactivity characteristic criteria. 
Argonne’s connection of the IRODA’s definition of a CERCLA Principal Threat Waste (a P4 
concentration exceeding 1,000 mg/kg) is made in an attempt to establish a concentration for 
P4 in waste that would define that waste as RCRA ignitable and RCRA reactive. This is 
necessary because, if the P4 contaminated soil and debris at the FMC OU is to be actively 
remediated, a de facto definition of what would be considered the cutoff for ignitability and 
reactivity specifically addressing P4 content is needed. In addition, the RCRA LDRs for these 
characteristics, which specify a “deactivation” treatment requirement, would need to be satisfied, 
unless, as indicated above, EPA elects to waive these requirements through one of the statutory 
applicable or relevant and appropriate requirement (ARAR) waiver approaches. 
 



The RCRA consent decree required FMC to treat the P4-contaminated wastes by 
“permanently and irreversibly bonding the waste into the molecular structure of a solid product 
such that the treated waste will not undergo changes that cause it to release toxic gases in 
concentrations greater than 0.3 ppm phosphine or 10.0 ppm hydrogen cyanide, or leach heavy 
metals in concentrations greater than applicable LDR Universal Treatment Standards.” These 
treatment requirements, as laid out in the RCRA consent decree, are insufficient as a definitive 
cutoff for P4 content and the RCRA characteristics of ignitability and reactivity. Simply defining 
phosphine and hydrogen cyanide emissions is inadequate as a measure of reactivity. These 
emissions are a function of many different variables, including temperature, atmospheric 
pressure, and soil moisture content, just to name a few; more important, however, these 
properties do not address ignitability. A more definitive definition is needed, preferably one that 
is quantitative as well as readily straightforward to implement (i.e., a simple analytical method). 
A simple concentration cutoff of P4 within wastes that may be exhumed is most desirable. 
Should the FMC OU be actively remediated at some point in the future, Argonne’s connection of 
the IRODA’s definition of a CERCLA Principal Threat Waste (a P4 concentration exceeding 
1,000 mg/kg) to the RCRA ignitability and reactivity characteristics may be considered an 
interim starting point in the eventual establishment of a cutoff for P4 content for RCRA 
ignitability and reactivity (EPA 1999). 
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2.5.2.3 Toxicity Characteristic (40 CFR 261.24) 
 
 Since soil and debris at the FMC OU are also known to contain heavy metals, the soil and 
debris that are exhumed from the OU may also meet the RCRA toxicity characteristic. For this 
characteristic, a leaching test known as the toxicity characteristic leaching procedure (TCLP) is 
used to determine whether heavy metals and some toxic organic compounds could leach from a 
waste at levels above the specified concentrations. It is possible that some of the soil and debris 
at the FMC OU could exhibit the RCRA toxicity characteristic. 
 
 
2.5.3 LDR Treatment Standards (40 CFR Part 268) 
 
 RCRA LDRs for waste, soil, and debris (hereinafter “P4 waste”) meeting the ignitability 
or reactivity characteristics require that the treatment standard called “deactivation” be applied so 
that the P4 waste is rendered no longer ignitable or reactive. The premise behind the LDR 
treatment requirements for these RCRA characteristics is that P4 waste would still pose a hazard 
if it had one or more characteristics and was disposed of on land, even if the P4 waste was placed 
in a properly designed, operated, and permitted hazardous waste landfill. Hence, under the LDR 
program, P4 waste that meets a RCRA characteristic would not be permitted to be land-disposed. 
Treatment would be required to “decharacterize” the P4 waste. For P4 waste exhumed from the 
FMC OU, Argonne presumes that treatment would need to meet the 1,000-mg/kg requirement to 
achieve deactivation for the characteristics of ignitability and reactivity. 
 
 The P4 waste soil and debris maintained below the ground surface that contained 
P4 above levels that would classify them as RCRA ignitable or reactive (if exhumed) would 
retain their reactive or ignitable characteristic. The P4 waste that stayed buried and was not 
exposed to air or oxidizing conditions in general would retain its ignitable and reactive 
properties. 
 
 In addition to removing the hazardous properties of wastes that cause them to meet a 
RCRA characteristic, the LDRs for characteristic wastes also require treatment to meet universal 
treatment standards for “underlying constituents.” Underlying constituents in this case would 
include heavy metals. The P4 waste throughout the FMC site would likely require additional 
treatment to meet the LDR underlying constituents requirement for some of these heavy metals, 
even if it did not exhibit the RCRA toxicity characteristic. 
 
 Hence, P4 waste at FMC treated to remove the characteristics of ignitability and 
reactivity would require further treatment to satisfy the LDR requirements for underlying 
constituents. Before the LDR treatment plant constructed at the FMC site closed in 2001, it 
included a stabilization treatment process (encapsulation in a cement mixture) that was used after 
the removal of P4 in order to satisfy the LDR requirement for underlying constituents for heavy 
metals. This technology, or a similar technology, could be applied as part of the remediation, if 
needed, to address heavy metals and radionuclides (although radionuclides are not regulated 
under RCRA). However, regulations under RCRA’s hazardous waste site cleanup program allow 
alternatives to be used for further treatment, as discussed next. 
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2.5.4 RCRA Corrective Action (Cleanup) Requirements and CERCLA Cleanup 
 
 Under RCRA corrective action requirements for cleanup of hazardous waste sites 
(40 CFR 264, Subpart F), facilities have the option, with regulatory approval, to consolidate 
wastes on site in a corrective action management unit (CAMU). Disposal of contaminated media 
in the on-site CAMU may be done under a reduced set of requirements (for example, without 
meeting LDRs) if such disposal can be shown to be protective of human health and the 
environment. Most CAMUs are, in essence, landfills and may require liners, caps, and 
groundwater monitoring, but the option of not needing to meet LDRs for underlying constituents 
(assuming the remedy could be shown to be protective of human health and the environment) is 
potentially applicable to the FMC OU if it were to employ a CAMU. Although the EPA may be 
reluctant to waive the requirement to decharacterize soil and debris exhumed from the site for 
ignitability or reactivity, it may be amenable to allowing soil and debris to be managed in a 
CAMU, but, again, only if it could be shown that doing so would remain protective of human 
health and the environment. 
 
 The FMC site is regulated under both RCRA and CERCLA. The CERCLA FMC OU 
does not include the portion of the site regulated by RCRA post-closure plans, the so-called 
“RCRA ponds.” However, the CAMU option may be brought in to the CERCLA action through 
ARARs. Management of remediation wastes at a CERCLA site may be conducted in a CERCLA 
land disposal unit that is “CAMU-like.” In other words, soil and debris that do not meet some or 
all LDR requirements for underlying constituents would be able to be managed in a CERCLA 
land disposal unit as part of an overall remedy, as long as it met CERCLA requirements and was 
approved by the regulator. 
 
 
2.5.5 Soil Remediation Levels 
 
 The LDR deactivation requirements for the RCRA characteristics of ignitability and 
reactivity, and potentially for underlying hazardous constituents, are not the only treatment 
standards that may be applicable to soil and debris at the FMC OU. Another type of criterion that 
may be applicable to the FMC site is soil remediation level. EPA Region 10 published a set of 
soil remediation levels in the IRODA (EPA Region 10 2012a; see Table 9 on page 242). The 
levels are provided in Table 2-2. Footnote (c) to the table indicates that there are currently no soil 
remediation levels for phosphorus or elemental phosphorus in soils. 
 
 The EPA has established extensive cleanup programs under RCRA and CERCLA, and 
cleanup levels for contaminants in various environmental media have been established, in some 
cases by EPA Headquarters and some EPA regions. These types of levels have been known by 
many names and acronyms over the years. EPA Regions 3 and 9 have established regional 
screening levels that can serve as the basis for the development of cleanup levels. These levels 
are identified as regional screening levels (RSLs). These are human health-based target levels for 
hazardous waste site cleanups, and they have the potential to be applied at both RCRA and 
CERCLA sites within the regions. These “targets” may then be adjusted either up or down to 
address site-specific conditions including environmental sensitivity (e.g., endangered species). 
Also, these target cleanup levels are typically available for both residential areas and for 











 



25 



TABLE 2-2 Contaminants of Concern in Soil and 
Cleanup Levels for Risk Drivers for the FMC OU 



 
Contaminants of Concern Units 



Cleanup Levels 
Industriala,b 



   
Antimony mg/kg 150 
Arsenic mg/kg  
Beryllium mg/kg  
Boron mg/kg  
Cadmium mg/kg 39 
Fluoride mg/kg 49,000 
Gross alpha pCi/gd  
Gross beta pCi/gd  
Lead-210 pCi/g  
Manganese mg/kg  
Mercury mg/kg  
Nickel mg/kg  
Phosphorus (elemental)c mg/kg – 
Polonium-210 pCi/g  
Potassium-40 pCi/g  
Radium-226 pCi/gd 3.8 
Radon pCi/gd,e  
Selenium mg/kg  
Silver mg/kg  
Thallium mg/kg  
Thorium-230 pCi/g  
Uranium-238 mg/kg  
Vanadium mg/kg  
Zinc mg/kg  
 
a Cleanup levels are provided for COCs associated with worker 



risk at the former operations area or Northern Properties. 
 
b The cleanup level cited is the lower cleanup between the 



outdoor/commercial/industrial worker and construction 
worker preliminary remediation goal (PRG) from the 
Supplemental FS Work Plan. 



 
c There are currently no soil remediation levels for phosphorus 



or elemental phosphorus in soils. 
 
d Individual radionuclides potentially responsible for elevated 



gross alpha and beta levels are also COCs. 
 
e Retained as a COC mainly for evaluation of potential radon 



infiltration into buildings under alternate future commercial or 
industrial uses of the site. 



 
Source: Table 9 in the IRODA (EPA Region 10 2012a). 
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industrial areas, with those for residential areas being more stringent (i.e., having lower target 
concentrations). Although these standards were developed by only some EPA regions, other EPA 
regions regularly refer to them during cleanups. 
 
 As indicated on its website, EPA Region 9 established an RSL for P4; it is 1.6 mg/kg for 
residential areas and 23 mg/kg for industrial areas (EPA Region 9 2015). 
 
 As can be seen, the human health-based RSLs for P4 are probably lower than the levels 
below which the waste would be considered to meet a RCRA ignitability or reactivity 
characteristic. Therefore, the FMC OU site, once cleaned up, would likely be considered for a 
future industrial site rather than a future residential area. Hence, and assuming that active 
remediation of the FMC OU site would be considered further, the 23-mg/kg cleanup requirement 
for P4 could be considered the starting point for developing a soil remediation goal for P4 at the 
site. 
 
 It should be noted, however, that EPA Headquarters and the EPA regions (collectively) 
as well as individual EPA regions often have different policies and procedures. Hence, EPA 
Region 3 and 9 RSLs may not be accepted by other EPA regions, including Region 10 in which 
the FMC site is located. Nevertheless, the RSL for P4 would be a “To Be Considered” but not an 
ARAR under CERCLA since RSLs are not standards, requirements, criteria, or limitations under 
federal or state environmental law. 
 
 



2.5.5.1 Shoshone-Bannock Tribes Soil Remediation Levels 
 
 In addition to these types of levels established by the EPA, other governmental 
organizations may have also established cleanup levels for hazardous waste sites. As indicated in 
the IRODA (EPA Region 10 2012a), “EPA is initiating remedial actions under an Interim ROD 
Amendment because of uncertainties regarding the timeframe for groundwater cleanup and the 
uncertain status of December 2010 Soil Cleanup Standards by the Shoshone-Bannock Tribes as 
Applicable or Relevant and Appropriate Requirements (ARAR) under CERCLA.” The Tribes’ 
Soil Cleanup Standards (SCSs) may be examined at http://www.sbtribes-ewmp.com/ 
EWMP_Soil_Cleanup_Standards_Contaminated_Prop.html (Shoshone-Bannock Tribes 2010). 
 
 The IRODA (EPA Region 10 2012a) further states: 
 



Hence, in December 2010, the Tribes promulgated stringent SCS that require, 
among other things, excavation and/or treatment of all buried elemental 
phosphorus on the Fort Hall Reservation. Among the Tribes’ stated goals in 
promulgating the SCS is restoring all land within the Reservation to its original 
state prior to the contamination that the standards are designed to address. This 
selected interim amended remedy does not meet these standards. However, 
because of the interim nature of this action, ARARs do not have to be met at this 
time. EPA is evaluating the Tribes’ standards to determine whether these 
regulations may be ARARs. This evaluation will require careful federal review to 
determine whether these unique and potentially precedential SCS should be fully 
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evaluated prior to a decision as to whether all or a part of the SCS are ARARs. 
CERCLA requires that ARARs must be met or waived upon completion of 
remedial action. At the time that EPA selects a final remedy, EPA will more 
definitively address groundwater restoration within a reasonable restoration 
timeframe, will determine whether all or a part of the Tribal SCS are ARARs, and 
will if necessary determine the applicability of the ARAR waiver provisions in 
§121(d)(4) of CERCLA. EPA will consult with the Tribes on the selection of the 
final remedy, including consideration of any proposed waiver or waivers. 



 
 It is clear that in some cases the Shoshone-Bannock Tribes’ cleanup standard for P4 in 
soil would entail complete removal, which typically is interpreted to entail removal to the extent 
that no contaminant that is detectable when using validated and approved analytical techniques. 
However, the SCS specifically provides in §1.1 that “The Tribes recognize, however, that there 
are situations where use of Commercial/Industrial Cleanup Standards rather than Unrestricted 
Use standards may be appropriate, or where attainment of the Cleanup Standards may be 
technically impracticable.” The Tribes also specify, however, that “The SCS do require soils that 
exhibit the characteristics of ignitability or reactivity to be treated to eliminate those 
characteristics, or else the soils must be removed from the site (Part 4).” Hence, it appears that 
the Tribes’ SCS would permit application of a cleanup standard other than complete removal of 
P4, as long as the remaining media would no longer exhibit the RCRA characteristics of 
ignitability and reactivity. This would entail developing a set of criteria that would establish a 
de facto definition of RCRA ignitability and reactivity, specifically due to P4 content, as well as 
an alternate numerical cleanup standard for media that contains P4 below RCRA ignitability and 
reactivity characteristic levels. 
 
 
2.5.6 Occupational Safety and Health Administration Requirements (29 CFR Part 1910) 
 
 Compliance with Occupational Safety and Health Act (OSHA) requirements is an 
important part of any hazardous waste site cleanup. Concerns for worker exposure during active 
remediation efforts in Remedial Action (RA) units where hazards are understood (e.g., RA units 
such as the historical ponds where process knowledge can be used to establish site worker risks) 
would be no greater than those for exposure during the original industrial processes for 
producing, packaging, and transporting P4, and for managing soil and debris created as a result. 
For those RA units where process knowledge is absent and where the CSM is not refined, there 
would be greater site worker risks. Nevertheless, appropriate engineering controls and PPE can 
be used to control worker exposure during remediation activities, in compliance with worker 
protection regulations under OSHA. Where site worker risks are not well understood (e.g., if 
subsurface samples potentially containing P4 are collected during any future CSM refinement 
activities), unknown hazards would need to be addressed accordingly with conservatively safe 
PPE, monitoring, and sampling approaches to comply with OSHA.  
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2.5.7 Other Criteria or Standards of Note 
 
 The extensive literature review conducted by Argonne for this project is described in 
Chapter 3.7 of this report. The literature review revealed that other criteria have been applied for 
other P4 cleanup projects in the United States. Two of these are summarized below. 
 



• Miamisburg, Ohio. In 1986 in Miamisburg, a tanker car containing 40,000 L 
of liquid P4 (45°C) derailed and burst into flames next to a stream feeding the 
Great Miami River, which leads to the Ohio River (Scoville et al. 1989). Most 
of the contaminated stream sediment was removed and treated by exposing 
the sediment on open-air asphalt pads. The sediment was treated for 12 to 
24 hours — the amount of time required to reduce the P4 to less than 
10 mg/kg. At concentrations of less than 10 mg/kg, the material was not 
deemed to be ignitable (Walsh 2009). 



 
• Stauffer Chemical Site, Florida. The ROD for a CERCLA site outside Tarpon 



Springs, Florida, where P4 was produced from 1947 to 1981, indicates that 
site remediation took place to remove P4 contamination. Because the site was 
located near residential areas, a residential cleanup level (1.4 mg/kg) was 
applied. The removal operation was conducted under a tent, and the material 
that was removed was disposed of at a Monsanto site (EPA Region 4 2013). 



 
 
2.5.8 Applicable Regulatory Criteria and Cleanup Level Summary 
 
 In this document, Argonne has assumed that a treatment of soil and debris that would 
result in P4 levels below 1,000 ppm (mg/kg) would render the soil and debris nonignitable and 
nonreactive according to the RCRA definitions of ignitability and reactivity. However, an ETT 
might instead have to achieve a P4 cleanup level in soil as low as the EPA RSL of 23 mg/kg or 
as low as a cleanup level established by the Tribes. 
 
 The end state of the application of a suite of ETTs for active remediation of the FMC OU 
would be that all contaminated media no longer exhibit the RCRA characteristics of ignitability 
and reactivity, that P4 is removed to acceptable cleanup levels, and that RCRA LDRs are 
satisfied for heavy metals and other constituents, as appropriate. There are two possible 
exceptions to this suggested end state. First, and as allowed by CERCLA, EPA could, with 
adequate justification, choose to waive certain requirements through one of the statutory ARAR 
waiver approaches (http://www2.epa.gov/superfund/applicable-or-relevant-and-appropriate-
requirements-arars). This may be especially applicable to RCRA LDRs. Second, and as stated 
previously, the CSM would have to be improved to permit adequate understanding of heavy 
deposits of P4, such as that underlying the Furnace Building and that contained within the buried 
railcars. 
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3 TECHNICAL APPROACH 
 
 
3.1 OVERVIEW 
 
 The technical approach of the Review Team consisted of gathering information, 
conducting an analysis, and then assessing ETTs against agreed-upon review and evaluation 
parameters. Information gathering included a review of the literature, a site tour, a presentation 
by the Tribes, a response to Argonne-authored questions by both FMC and the Tribes, and 
telephone communications with state and federal regulators and the designers of ETTs. The 
Review Team then developed a list of ETTs with the potential to address waste containing P4 at 
the FMC OU site. The team narrowed that list down to a number of ETTs for detailed 
consideration. Finally, the team assessed the ETTs on that target list against the review and 
evaluation parameters. 
 
 
3.2 INFORMATION REVIEW AND ANALYSIS AND SITE TOUR, SEPTEMBER 2014 
 
 As a starting point, the Review Team examined the open literature and the information 
sources cited in the Work Order (Appendix A). Argonne staff were taken on a site tour of the 
FMC OU in September 2014. While in Pocatello, Idaho, for the site tour, the Argonne staff 
visited the Idaho State University Library’s Government Documents Repository located at 
850 South 9th Avenue in Pocatello. Sources of information were also gathered throughout the 
term of the project. Literature examined and cited is summarized in Section 3.7. 
 
 
3.3 SHOSHONE-BANNOCK TRIBES’ PRESENTATION, FEBRUARY 6, 2015 
 
 In addition to gathering information during the site visit, the Argonne staff members were 
given a presentation by the Tribes via teleconference on February 6, 2015. The content of the 
presentation, which is included in this report as Appendix C, is summarized here. The 
presentation described issues at the FMC site, covering a historical perspective, impacts on the 
environment, and an assessment of the technologies used to contain, treat, and monitor P4. 
ETT-related points highlighted at the time of the presentation included (1) the inadequacy of 
closing and capping the RCRA pond, as evidenced by the release of phosphine, hydrogen 
cyanide, and H2S that escaped from temperature monitoring points; (2) the inability to measure 
the release of P4-related gases that do occur; and (3) the lack of testing for ETTs due to reasons 
related to risk and economics. 
 
 
3.4 QUESTIONS DIRECTED TO SUBJECT MATTER EXPERTS AND STATE 



AND FEDERAL REGULATORS 
 
 Argonne directed a number of questions to FMC during the review process. The 
questions are included as Appendix D of this report. Appendix E has the FMC-generated 
responses to the questions. Appendix F contains the Tribes’ responses to the questions and their 
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comments on the FMC-generated responses. In addition, Argonne contacted and interviewed 
environmental regulators from the State of Idaho, from EPA Region 10, and from states where 
other P4 remediation operations had occurred or were ongoing. Several experts who had 
experience in P4 production, transportation, sale, reuse, and remediation were contacted by 
e-mail and, with their permission, interviewed. The experts who were interviewed will remain 
anonymous. Although Argonne gained a lot of information from these interviews, only 
information that could be corroborated from actual documentation was used in preparing this 
report. 
 
 
3.5 EXPANDED LITERATURE SEARCH  
 
 Argonne received approval to begin this project in April 2014. Although specific 
elements of the project, such as the evaluation parameters to be used for the ETTs, were still 
being negotiated among Argonne, the EPA, and the Tribes at that time, Argonne began a 
literature search that focused on the FMC site. Included in this search were the following: 
 



• The history of the FMC site, from startup in the 1940s to closure in 2001, 
including technologies employed during the P4 production process; 



 
• The history of the FMC site as it relates to the Superfund program, from 



listing in 1990 to the present time; 
 



• Regulatory actions that had occurred at the FMC site; 
 



• Environmental investigations that had been conducted at the FMC site;  
 



• Superfund decision documents (e.g., RODs) issued for the FMC site; 
 



• Similar documentation related to the neighboring J.R. Simplot site adjacent to 
the FMC site; 



 
• The general environment around the FMC site, including everything from 



climate to geology; 
 



• The structure of the Tribal, local, and State governments in and around the 
FMC site; 



 
• The natural history pertaining to the area in and around the FMC site; 



 
• The cultural history pertaining to the FMC site, especially as it relates to the 



Shoshone-Bannock Tribes; and 
 



• The history of public involvement in environmental matters pertaining to the 
FMC site. 
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 Argonne then expanded its review by focusing on technologies that might be employed to 
remediate P4 at the site, including planned technologies (i.e., cap and cover) and other 
technologies that could be employed, including more active technologies involving actual 
removal and treatment of the soil and debris containing P4. Argonne researched information 
about sites within the United States where P4 was known to be present and had been evaluated or 
remediated, including the following: 
 



• Monsanto Chemical Company (Solutia), Soda Springs, Idaho; 
 



• Rhodia, Inc., Silver Bow, Montana; 
 



• Stauffer Chemical Company, Tarpon Springs, Florida; 
 



• Exxon Mobil ElectroPhos Division, Mulberry, Florida; 
 



• Agrifos Nichols Plant, Nichols, Florida; 
 



• Stauffer Chemical Company (Rhone-Poulenc), Mt. Pleasant, Tennessee; 
 



• Monsanto Chemical Company, Columbia, Tennessee; and  
 



• Occidental Petroleum, Glenn Springs, Ducktown, Tennessee. 
 
 Argonne researched P4 handling sites within the United States where P4 was currently 
being evaluated or where remediation was ongoing. These included the Rhodia Silverbow RCRA 
Site in Montana. Argonne also identified U.S. sites where there had been emergency response 
incidents and where P4 might have been released and remediated, including the 
1986 Miamisburg, Ohio, train derailment and white phosphorous release. 
 
 Argonne also attempted to research the body of international literature for places where 
P4 might have been remediated in the past or where remediation was ongoing. Some information 
was available about the A&W America Limited phosphorus plant in Long Harbor, 
Newfoundland, Canada. Argonne also learned that at least one French contractor, Chiresa, had 
experience in dismantling tanks containing P4 (Chiresa AG 2008). There was also some 
information about several locations in Mexico where P4 was recovered or remediated, but there 
was no documentation in the open literature regarding any actions that were taken or results that 
were achieved. In general, however, information about P4 handling at international sites seems to 
be lacking in the open literature. 
 
 Argonne expanded its search further to determine ancillary information related to 
P4 remediation. The topics included the following: 
 



• What the potential is for the recovery of P4 for reuse or resale as a product (as 
opposed to remediation); 
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• How military organizations have approached the deactivation or recovery of 
P4 (white phosphorus, WP, Willie Peter) from obsolete munitions; and 



 
• How other industries deal with phosphorus or by-products that involve P4. 



 
 Argonne then researched other technologies that might have some application to the 
remediation or recovery of P4 at the FMC site. This effort covered not only remediation 
technologies but also technologies used in the chemical industry in general. 
 
 Overall, Argonne accessed hundreds of websites and reviewed many more than 
100 different publications that could have a bearing on the task. For a list of references cited in 
this report, please see Chapter 9. 
 
 
3.6 DRAFT, DRAFT FINAL, AND FINAL REVIEW AND EVALUATION 



PARAMETERS 
 
 Working with the EPA and the Tribes, Argonne proposed draft and draft final versions of 
the ETT review parameters from September 2014 to February 2015. The final version of the 
ETT review parameters and a description of each one were agreed upon on February 23, 2015 
(Table 3-1). 
 
 
3.7 PRESENTATION OF FINDINGS FROM THE DRAFT REPORT 
 



The Review Team submitted a draft version of the report to the Tribes and the EPA on 
September 8, 2015. The Review Team presented the results of key findings from the Draft report 
to the Fort Hall Business Council, in the Fort Hall Council Chambers on September 21, 2015. 
All members of the Review Team (listed in Chapter 1) participated in the presentation. The 
presentation was followed by a morning and afternoon question-and-answer session. A follow-up 
webinar presentation was also provided to representatives of EPA who could not attend the 
meeting in Fort Hall. The webinar meeting occurred on September 28, 2015. This meeting was 
attended by all members of the Review Team, representatives of the Tribes, and EPA staff 
members.  



 
 
3.8 RESPONSE TO COMMENTS AND THE FINAL REPORT 
 



On the basis of information presented at the Fort Hall Business Council meeting, the 
follow-up webinar meeting, and the content of the Draft report, the Tribes and EPA produced a 
series of comments. The Review Team responded to the comments by including a discussion 
and/or the actual language used to address the comments. The Tribes’ comments and Review 
Team responses can be found in Appendix G. The EPA comments and Review Team responses 
can be found in Appendix H. Also included is a summary of changes required during final 
review by Argonne’s editorial staff and Argonne’s technical content review staff (Appendix I). 
This Final version of the Independent Review report includes changes in the Draft version  
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TABLE 3-1 Description of ETT Review Parametersa 



 
ETT Review Parameter Description of Parameter 



 
Process maturity 



 
An assessment of the developmental phase of the ETT demonstrated at 
laboratory/pilot scale and ETT technologies that have been permitted 
or otherwise approved and used for P4. 



Limitations Factors that could constrain or preclude the implementation of the 
ETT, including, but not limited to, soil type, pH, moisture, cost, 
weather conditions, and the need for bench- and pilot-scale testing. 
Also any issues associated with off-site transportation and disposal of 
P4 material. 



Time to implement (not including 
permitting and approvals) 



Time to excavate and/or treat P4 in soil. 



Effectiveness of removing and/or treating 
P4 in soil 



The effectiveness in the short and long term of an ETT in removing the 
health hazards associated with P4 in soil; achieving soil screening 
levels for P4; or rendering P4 safe for the transportation of impacted 
soil to an off-site location for treatment and/or disposal. 



Process safety for site workers during 
implementation 



Health and safety impacts on site workers associated with the ETT 
during implementation. 



Community health and safety during 
implementation 



Health and safety impacts on the surrounding community associated 
with the ETT during implementation.  



Impacts to the environment during 
implementation 



Impacts to environmental media at the site, including soil, air, surface 
water, and groundwater associated with the ETT during 
implementation.  



Post-implementation impacts on the 
environment and the community 



Impacts to the community and to the environment associated with the 
ETT after implementation for example, in the case of on-site ETT, 
releases to air, surface water, and groundwater associated with 
treatment operations. In the case of a technology located off-site, 
nuisance and safety hazards associated with off-site shipment of waste. 



Overall discussion of advantages and 
disadvantages 



A summary in tabular format. 



 
a The Work Order directed the Review Team to not include CERCLA’s nine evaluation criteria, one of which is 



cost, as evaluation parameters. However, EPA and the Tribes agreed that cost could be included in the content of 
the review and evaluation parameter referred to as “Limitations.” 



 
 
needed to address the Tribes’ and EPA’s comments and to address editorial and technical issues 
noted in the Draft version. 



Cost as a limitation factor has been included to allow a rough order of magnitude (OOM) 
comparison with the ETTs evaluated. The net present value (NPV) cost of Alternatives 5 through 
7 in the September 2010 Proposed Plan (which included excavation and treatment) is an 
estimated $405 million to $950 million, based upon high and low volume estimate assumptions 
about the (largely uncharacterized) mass of subsurface P4 (EPA 2010). Since some ETTs also 
involve excavation followed by treatment, the NPV determined for Alternatives 5 through 7 
provides a comparable OOM estimate. 
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4 GUIDING PRINCIPLES FOR THE INDEPENDENT REVIEW AND THE 
IDENTIFICATION OF POTENTIALLY APPLICABLE ETTS 



 
 
 After examining the issues at the FMC OU and the regulatory history at the site over the 
years, removal or remedial actions that were taken at similar sites in the past, and potential ETTs 
that might be applied, Argonne identified a number of principles that influenced the way the 
independent review was performed. They are as follows: 
 



• It appears that technologies to safely excavate, size, create waste feed 
materials, and temporarily store P4 waste in preparation for treatment in a 
“downstream” ETT exist (hereinafter, these are called “ancillary 
technologies”). 



 
• Site worker safety issues associated with the implementation of any ex situ 



ETTs appear to be comparable to the site worker safety issues associated with 
the original manufacturing process for producing, packaging, and transporting 
P4 and managing P4 waste. Appropriate engineering controls and PPE can be 
used to control worker exposure during remediation activity in compliance 
with worker protection regulations under OSHA. 



 
• Any water requirements for ETTs (including water needs for ETT 



implementation and the potential for accentuating contaminant migration) can 
be addressed by modifications to the groundwater P&T system required in the 
IROD.2 



 
 Potential ETTs that could be implemented at the FMC OU were researched extensively. 
The research focused on P4 ETTs but also considered how to deal with heavy metals and 
radionuclides that might be present in significant amounts at various locations within the FMC 
OU. In addition, the Review Team examined ETTs that were in all stages of development and 
use, including ETTs in a conceptual, bench-, pilot-, or full-scale of development/use. The 
Review Team, recognizing that P4 and P4 by-products (post-treatment) have value, also 
examined recovery technologies. Landfill options were examined only insofar as they could be 
used to address residuals that remained after P4 was removed from soil and debris and/or treated 
to reduce its concentration to acceptable levels. 
 



While the FMC OU is a CERCLA cleanup site, the waste that may be produced as a 
result of active remediation at the site is subject to RCRA regulatory requirements. Wastes 
exhumed from the site become immediately subject to RCRA’s waste management 
requirements, as do facilities that may be used to treat or otherwise manage these wastes, and 
also residuals remaining if and when these wastes are treated in some fashion. As RCRA 
requirements are considered during the CERCLA ARAR process, it is imperative that RCRA 



                                                 
2 Water use would mainly be required to manage the risks associated with excavation (whether by mechanical or by 



hydraulic means). As a result, the removal of P4 waste and processing by ancillary technologies could proceed in 
phases dictated by water requirements (should water requirements be a limiting factor). 
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requirements are adequately addressed in determining management requirements for wastes that 
are exhumed from the site and also for waste treatment residuals. In addition, and as allowed by 
CERCLA, EPA could, with adequate justification, choose to waive certain requirements through 
one of the statutory ARAR waiver approaches (see http://www2.epa.gov/superfund/applicable-
or-relevant-and-appropriate-requirements-arars). Most notable of the RCRA requirements 
applicable to wastes that may be exhumed from the site and for treatment residuals are the 
RCRA LDR requirements, which are discussed frequently in this report. In accordance with 
these requirements, wastes determined to be hazardous must be treated in accordance with strict 
requirements before they can be land-disposed. RCRA LDRs and requirements for treatment, 
storage, and disposal facilities may be pertinent to some of the ETTs discussed in this report, in 
particular, those designed to remove the RCRA characteristics of ignitability and reactivity from 
the waste (i.e., address the P4) and also to address heavy metals that may be contained in 
remediation waste or in treatment residuals. 



 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered a reasonable potential for successfully and safely addressing the P4 waste. 
Only those technologies that made this cut are examined in detail in this report. The technologies 
were categorized into groups depending on their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 



• Ex situ treatment technologies, including both on and off site; and 
 



• Ex situ (off-site) disposal technologies. 
 
In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and the railcars warranted special consideration. Technologies addressing 
these special cases are also included. 
 



In reference to a key issue — whether P4 can be safety excavated — the Review Team 
arrived at different conclusions than other parties. On the basis of a review of information, it 
appears that a subset of the P4 waste present at the site can be safely excavated. There appears to 
be a history of sludge removal from the ponds at the FMC plant. The FMC response included in 
Appendix E of the Independent Design Review report includes several references to excavation. 
Appendix E describes both dredging and mechanical excavation activities involving Ponds 8s, 
8e, and 9e, as well as Ponds 15s and 18. Furthermore, the LDR WTS was designed to treat 
sludge dredged from Pond 8S. Pond 8s dredge was designed as a component of the LDR WTS. 
In an EPA-authored reference, reclamation processes consisting of excavating pond materials is 
described as having occurred at historical ponds 1s, 2s, 3s, 9s, 2e, and 4e (EPA 2003).  
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The excavation of P4 is also addressed at other P4 plants. The Clarifier Treatability Study 
Phase 3 Report on the Rhodia/Solvay Site, Silver Bow, Montana (which was not available when 
the IRODA was prepared) contains a description of the removal of clarifier sludge from the 
clarifier by use of a Cat 320 excavator (Franklin Engineering Group 2012). Also of interest is a 
description of mechanical excavation in the Phase 1 report on the same Rhodia/Solvay Clarifier. 
“Conventional earth working equipment, such as tracked excavators, back hoes, and clam shells, 
can be used to excavate the solidified sludge and transfer it to a shipping container or processing 
system. With careful operation, the phosphorus can be transferred with a water cover in the 
bucket to minimize mass burning” (Franklin Engineering Group 2007). 
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5 POTENTIALLY APPLICABLE EXCAVATION  
AND TREATMENT TECHNOLOGIES 



 
 
 In situ ETTs are discussed in Section 5.1. Ex situ ETTs are discussed in Sections 5.2 and 
5.3. It appears that P4 is present in a pure or nearly pure state in some portions of the former 
FMC plant. The “treatment” aspect of some ETTs includes both the treatment of P4 waste and 
the process steps for the recovery of P4 or P4 by-products for resale/reuse. Conceptually, soil 
and debris targeted for ETTs can be “triaged,” in that there could be three fractions to be 
addressed: 
 



1. P4 waste that can be “mined” and recycled and/or reused as P4 without treatment; 
 



2. P4 waste that requires treatment with an ETT, resulting in either the generation of a 
reusable by-product like P4 or phosphoric acid or a waste residual; and 



 
3. P4 waste that does not require treatment with an ETT. P4 waste that would not 



require treatment is waste that meets agreed-upon treatment requirements established 
for the second fraction. Some waste present at the site would presumably already 
meet such treatment requirements. 



 
The ETTs considered for evaluation are listed as follows: 



 
• In situ technologies 



 Injection of steam in direct push or vibrated caissons/wells or parallel 
horizontal wells; melting and pumping of P4 



 Solvent leach and recovery by using benign solvents 
 In situ oxidation of P4 via oxidant leaching or forced air oxidation 
 Containment of P4 by using grout, injection curtain, waterloo barrier, 



sheet piling, etc. 
 



• Ex situ excavation technologies 
 Mechanical excavation 
 Cutter-suction dredging with needed sizing preparation, pipelines, and 



water source 
 Thermal-hydraulic dredging with needed sizing preparation, pipelines, and 



water source 
 



• Ex situ treatment technologies 
 On-site incineration 
 Drying/mechanical mixing with containment 
 A&W mud still batch process 
 Anoxic caustic hydrolysis, metals precipitation, filtration, and stabilization 



(LDR treatment plant) 
 Wet air oxidation (pilot tested by Zimpro®) 
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 Solvent stirred batch reactor 
 Off-site incineration with associated railroad tank car loader/unloader 



 
• Disposal technologies (considered for P4 waste that has already been treated) 



 On-site disposal in a CAMU or similar CERCLA unit 
 Off-site disposal 



 
• Piping and railcars  



– Buried piping by using both in situ and ex situ approaches 
 Buried railcars by using both in situ and ex situ approaches 



 
 
5.1 IN SITU TECHNOLOGIES (SUBSURFACE TREATMENT) 
 
 
5.1.1 Thermal Treatment and Recovery 
 
 



5.1.1.1 Description 
 
 The melting point of P4 is 44°C (111°F). On the basis of the CSM for the Furnace 
Building (see Section 2.4), the hot, liquid P4 percolated through the thick unsaturated zone 
reached the water table at a depth of about 80 ft and flowed to the northeast. Presumably, it 
cooled as it flowed as a result of heat transfer to both the unsaturated formation and the 
underlying groundwater. The result was a mass of waxy, solid P4 that filled the voids in the 
sediments at depth. The volume, thickness, and areal extent of this material are unknown. 
Presumably, a residual amount of solid P4 also remains in the unsaturated zone; this volume is 
completely uncharacterized. 
 
 Heating the subsurface P4 to a temperature above 44°C would cause it to flow and allow 
at least some of it to be recovered by using pumping wells. Inorganic hazardous constituents 
present would be brought to the surface along with the P4 mobilized by the heating method. 
Different options are available for heating the formation. 
 
 Thermal conduction that involves electrical heaters suspended in vertical holes is a 
technology that is used to remediate sites contaminated with volatile organic compounds 
(VOCs). In this situation, heating to a temperature of 100°C drives off the VOCs effectively. For 
example, in the largest in situ thermal desorption project undertaken to date (Heron et al. 2015), 
a 3.2-acre site was remediated by using more than 900 thermal conduction heater wells targeting 
multiple depths. Such heater borings and their casings can be installed by vibratory push or by 
augering. The treatment just mentioned lasted 238 days and required a total of 23 million kWh. 
Electrical heaters, along with recovery wells, have also been used in pilot studies of in situ 
retorting of oil shale. Electrical heaters are probably used only in vertical holes and not in 
directional drilling applications. 
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 Electrical resistance heating has been used at VOC sites to bring the formation to 
steaming temperatures (>100°C) and drastically reduce VOC concentrations quickly (e.g., Tersus 
Environmental, LLC 2015). This approach relies on drilling or push methods to install electrodes 
in the subsurface. Electrical current flows among the electrodes in the target volume, which heats 
up. Recovery wells or a vacuum system at the surface are used to collect the VOCs. Formation 
temperatures above 44°C would melt P4. 
 
 Steam methods can also be used in remedial efforts or energy production. Steam can be 
used to target dense, nonaqueous-phase liquids in conjunction with the use of vapor recovery 
wells. In one example, 63 vertical or angled steam injection wells were used in a 3-acre target 
zone (Kramer et al. 2015). Steam has been used for many decades in enhanced oil recovery 
applications. The steam is used to heat the formation so that the hydrocarbons are more free-
flowing and can be extracted more completely by pumping wells. It is possible to perform 
directional drilling in order to have wells be horizontal at a target depth. A series of parallel, 
horizontal steam injection wells through or just below the deep P4 at the Furnace Building could 
heat the P4 to temperatures above 44°C. Each horizontal steam well could be underlain by a 
horizontal recovery well, or a network of vertical wells could be installed over the treatment 
area, in order to recover some portion of the P4. However, the pumped water and molten 
P4 might not remain above 44°C during its transport to the surface, which would result in 
deposition of the P4 in the subsurface well casings. 
 
 Direction drilling is accomplished by using mud rotary drilling techniques. Formation 
material, including P4, would be circulated to the surface. The wet drilling mud would help 
prevent exposure of the drilling fluids to air, and the mud pit could be maintained with a 
covering of water, but there would be a degree of risk involved with managing the drilling fluid. 
 
 Recovery wells in any thermal application would need pumps that could handle a mixture 
of water and molten P4 (viscosity of 1.69 cP, specific gravity of 1.8) to be lifted almost 90 ft. 
The pumped P4 would need to remain above 44°C during its upward travel; presumably, it 
would remain warm due to the heat in the formation. Upon reaching the surface, the combined 
water and molten P4 would need to flow (remaining above 44°C) to a submerged discharge point 
in a water-containing water tank, trough, or impoundment. Here the P4 would settle, cool, and 
solidify below the water. 
 
 The heating methods just described, if initially applied to the unsaturated zone at the 
Furnace Building, would likely promote downward migration of the P4 to the cooled mass at a 
depth of about 80 ft. However, as discussed next, there is no current understanding of how much 
residual P4 remains in the thick unsaturated zone, and there is not yet any laboratory study to 
assess whether applying heat to a formation sample containing P4 would promote effective 
downward draining of the P4. 
 
 



5.1.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 An important problem associated with any thermal application is that heating the deep 
P4 would allow it to flow. Without lateral containment, the mass of P4 would resume flowing 











 



42 



with the hydraulic gradient. In addition, the injection of steam at or beneath the mass could result 
in a mounding of the equipotential surface, causing the P4 to flow radially in all directions. As 
discussed elsewhere, if the thick unsaturated zone could be removed (depending on the presence 
of residual P4, which has not been characterized) through a major earth-moving project in the 
Furnace Building vicinity, then containment could be implemented over a much smaller vertical 
work area. 
 
 It would be wise to invest in a pilot-scale laboratory study to determine whether 
P4 within alluvial sediments would drain through the sediments efficiently or if a significant 
proportion would be retained. 
 
 The consideration of a thermal method should be based on the understanding that, despite 
any efforts to extract the subsurface P4, much of the contaminant mass would remain in the 
subsurface. Inorganic hazardous constituents present in the P4 that could not be mobilized by the 
heating method would remain in the subsurface. This would occur even if the value of the 
recovered P4 was high enough to invest in a thorough amount of heating and a large number of 
recovery points. The amount remaining would be difficult to characterize safely because in past 
site characterizations, a precedent to avoid drilling into the P4 was set.  
 
 



5.1.1.3 Assessment Based on ETT Review Parameters 
 



The evaluation results are shown in Table 5-1. 
 
 



5.1.1.4 Overall Likelihood of Success at FMC 
 
 Thermal treatment and recovery approaches at FMC would require a large investment for 
installing necessary equipment and creating a containment boundary, with or without large-scale 
overburden removal. The worker safety issues would be significant. In the end, much of the 
P4 would remain in place, although the amount would not be easy or safe to characterize, given 
the precedent set by past site characterization. 
 
 
5.1.2 Solvent Leaching and Recovery Using Benign Solvents 
 
 



5.1.2.1 Description 
 
 Conceptually, it is possible to leach a target material type from a formation by using a 
solvent and to extract the desired material by using pumping wells. Elemental phosphorus is 
soluble only sparingly in water. Hazardous inorganic constituents present in P4 would be soluble 
in water but only sparingly soluble in the organic solvents mentioned below. It is only slightly 
soluble in alcohol (C2H6O), ether, and benzene (C6H6). It is very soluble in carbon disulfide 
(CS2), phosphorus chloride (PCl3), phosphorus oxychloride (POCl3), liquid sulfur dioxide (SO2),  
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TABLE 5-1 Assessment of Thermal Treatment and Recovery Based on ETT Review Parameters



 
Review Parameter Thermal Treatment and Recovery 



 
Process maturity 



 
Mature for the remediation of some waste. The potential application of 
the technology for the treatment of P4 waste is conceptual only. 



Limitations Incomplete recovery. P4 mass is likely to spread unless containment is 
also applied. May or may not address residual P4 currently in the thick 
unsaturated zone. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 5 years for installation, with or without large-scale 
earth-moving to remove much of overburden. Estimated time is 
10 years for operations. 



Effectiveness of removing and/or treating 
P4 in soil 



Approach would collect some portion of the large subsurface mass for 
reuse; however, an unquantified but probably a large portion of the 
mass would remain. 



Process safety for site workers during 
implementation 



Methods that rely on augering or mud rotary drilling (i.e., directional 
drilling) would bring P4 to the surface, resulting in a significant health 
and safety issue. It is expected that if direct push methods were used, 
there would be only a minimal amount of P4 on withdrawn drill rod or 
casing, since they would be rubbed clean on clean, shallow soils. With 
regard to extracted P4, significant safety and management issues 
would need to be addressed. 



Community health and safety during 
implementation 



Management of any auger cuttings or mud pit drilling fluids would be 
a source of P4 and associated chemicals. 



Impacts to the environment during 
implementation 



There would be general impacts due to heavy equipment. The ultimate 
disposal of any drilling mud after processing for P4 would need to be 
addressed. 



Post-implementation impacts on the 
environment and the community 



These would not be significant. 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface P4-bearing 
zones could be remediated without the need for a large, open-pit-type 
excavation operation. Another advantage is that some portion of the 
deep P4 would be removed for reuse or sale.  
 
The disadvantages are: 



• incomplete recovery (i.e., much of the P4 would remain 
despite the effort and cost invested),  



• numerous safety concerns,  
• high cost of power for electrical methods,  
• mobilization of flowing P4 unless lateral containment is used,  
• high cost of containment,  
• high cost for possible removal of the overburden, and 
• the purity of the P4 that would be recovered is unknown. 
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and liquid ammonia (NH3) (Rivera et al. 1996). Each of these chemicals, however, would 
significantly degrade groundwater quality; their use would probably not be permitted by 
regulators. 
 



P4 is also soluble in turpentine or mineral oil (Merck Index 1952). Both of these have the 
additional benefit of wetting any particulates of P4 brought to the surface and thereby reducing 
their exposure to oxygen. They are also less dense than water, so they would remain on top of the 
water table, ideally within a containment cell around the remediation area. However, they are 
unlikely to be permitted for use because of the long-lasting impact they would have on 
groundwater in a large volume of the aquifer. 
 



Another alternative is the use of food oils. P4 is soluble in almond oil and olive oil. Its 
solubility in other, less expensive oils has likely not been evaluated (Merck Index 
2001).Table 5-2 lists the approximate prices for a range of food oils in 2015. Release of food oil 
in the subsurface would not result in the significant degradation of water quality that would be 
caused by the other types of solvents described above. Food oil would float on the water table, so 
it could remain within a containment cell as it is recirculated during the solvent leaching process. 
It would also coat any P4 particulates brought to the surface, limiting their contact with air. 
 
 Using solvents without having bounding containment could result in excessive losses of 
those solvents in lateral directions. This is a critical consideration with regard to any expensive, 
benign solvent. (See containment discussion in Section 5.1.4 regarding the potential use of a 
technology such as freeze walls, sealed sheet piling, a slurry wall, or a grout curtain.) It may be 
possible to excavate much of the overburden in the Furnace Building vicinity (depending on the 
presence of residual P4 in the thick unsaturated zone) to reduce the effort that would be needed 
to install a containment system. 
 
 



TABLE 5-2 Approximate Prices 
for Food Oils in 2015  



Oil 



 
Approximate Price 
(U.S. $/metric ton) 



   
Coconut 1,000 
Olive 5,000 
Palm kernel 1,000 
Palm 600 
Peanut 1,400 
Rapeseed 700 
Soybean 700 
Sunflower 900 
 
Source: IndexMundi (2015). 
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5.1.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Note that solvent extraction was ruled out as a viable technology for the Rhodia 
(Silver Bow) white phosphorus site (Barr 2014). 
 



The benign solvents mentioned above would have significant costs, since numerous tank 
cars would be required for a project having the estimated magnitude of the deep P4 project at the 
Furnace Building. The installation of a containment cell could reduce solvent losses but would 
be very expensive at the scale and depth required in the vicinity of the Furnace Building. 
 
 Laboratory studies of the solubility of P4 in food oils or other benign solvents would be 
necessary before making any further investment to study the solvent leaching approach. 
 



The consideration of a solvent extraction method should be based on the understanding 
that, despite any efforts to extract the subsurface P4, much of the contaminant mass would 
remain in the subsurface because the circulation of solvents within the target zone would be 
incomplete due to incomplete dissolution of the P4 and especially due to textural heterogeneities 
in the subsurface geologic materials. These heterogeneities would result in the solvent being 
circulated more in coarser-grained zones and less in finer-grained zones. This would occur even 
if the value of the recovered P4 was high enough to invest in the approach and include a high 
number of recovery points. The amount remaining would be difficult to characterize safely 
because in past site characterizations, a precedent was set to avoid drilling into the P4. 
 
 



5.1.2.3 Assessment Based on Review Parameters 
 



The evaluation results are shown in Table 5-3. 
 
 



5.1.2.4 Overall Likelihood of Success at FMC 
 
 Solvent extraction methods at FMC would require a large investment to purchase 
sufficient quantities of an appropriate benign solvent, the installation of necessary equipment, 
and the creation of a containment boundary with or without large-scale overburden removal. The 
worker safety issues would be significant. In the end, much of the P4 would remain in place, 
although the amount would not be easy or safe to characterize, given the precedent set during 
past site characterization. 
 
 
5.1.3 In situ Oxidation of P4 
 
 



5.1.3.1 Description 
 
 A possible in situ remediation concept relevant to the FMC site is the in-place oxidation 
of white phosphorus and the recovery of the reaction products via a system of 
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injection/extraction wells. The development of such a method could be achieved by adapting the 
proven methods and technologies used in the in situ oxidative leach mining of uranium and 
copper (e.g., IAEA 2001). This approach would involve delivering a heated oxidant-bearing 
solvent (e.g., oxygenated groundwater) to the P4-contaminated zone at a controlled rate and 
recovering the reaction products via a set of injection and extraction wells. The oxidant solution 
would be heated to greater than 45°C to cause the P4 grains or masses to melt; this would 
facilitate water flow and mixing and avoid the formation of phosphorus oxide rinds that are 
known to inhibit oxidation. 
 
 
TABLE 5-3 Assessment of Solvent Leaching and Recovery Using Benign Solvent Based on 
ETT Review Parameters 



 
Review Parameter Solvent Leaching and Recovery Using Benign Solvents 



 
Process maturity 



 
Mature for broadly defined solvent leaching. Immature for use of 
food oils. Application of the technology to address P4 waste is 
conceptual only. 



Limitations Incomplete recovery. P4 mass is likely to spread unless 
containment is also applied. Residual P4 currently in the thick 
unsaturated zone may or may not be addressed. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 5 years for installation, with or without large-
scale earth-moving to remove much of the overburden. Estimated 
time is 10 years for operations. 



Effectiveness of removing and/or 
treating P4 in soil 



Approach would collect some portion of the large subsurface mass 
for reuse; however, an unquantified but probably a large portion of 
the mass would remain. 



Process safety for site workers during 
implementation 



Well installation that relies on augering or mud rotary drilling 
would bring P4 to the surface, resulting in a significant health and 
safety issue. It is expected that if direct push methods were used, 
there would be only a minimal amount of P4 on withdrawn drill 
rod or casing, since they would be rubbed clean on clean, shallow 
soils. With regard to the P4 dissolved in the benign solvent, 
significant safety and management issues would need to be 
addressed. 



Community health and safety during 
implementation 



Management of any auger cuttings or mud pit drilling fluids would 
be a source of P4 and associated chemicals. 



Impacts to the environment during 
implementation 



There would be general impacts due to heavy equipment. The 
ultimate disposal of any drilling mud after processing for P4 and 
the ultimate disposal of benign solvent would need to be addressed. 
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TABLE 5-3 (Cont.) 



 
Review Parameter Solvent Leaching and Recovery Using Benign Solvents 



 
Post-implementation impacts on the 
environment and the community 



 
Not applicable. 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface 
P4-bearing zones could be remediated without the need for a large, 
open-pit-type excavation operation. Another advantage would be 
that some portion of the deep P4 would be removed for reuse or 
sale. The disadvantages would be: 



• incomplete recovery (i.e., much of the P4 would remain 
despite the effort and cost invested),  



• numerous safety concerns,  
• high cost of benign solvent,  
• mobilization of dissolved-phase P4 unless lateral 



containment was used,  
• high cost of containment, and  
• high cost for possible removal of the overburden.  



 
 
 A conceptual picture of how this method could be applied to a deep subsurface white 
phosphorus mass at the FMC site is shown in Figure 5-1. The top image in the figure shows a 
plan view of one of the many types of injection/extraction well patterns used for in situ leach 
mining along with idealized water flow paths. The middle image is a schematic cross section 
through a deep subsurface P4-contaminated zone, such as that associated with the Furnace 
Building (RU 1, RU 2, RA-B) at the FMC site. The bottom image is a schematic drawing of the 
key processes at the soil/sediment grain scale, which involve both the melting and oxidation of 
P4 particles. 
 
 The recovered products would consist primarily of hypophosphorus acid (H3PO2), 
phosphorus acid (H3PO3), and phosphoric acid (H3PO4), which could be neutralized by an 
ancillary process such as the one shown in Figure 5-2. After the solution has been neutralized, it 
would be refortified with the oxidant and reused at the extraction site. Due to the possible release 
of P4 vapor, phosphine gas, and P2O5 smoke, the extraction well area would probably need to be 
enclosed within a pitched structure equipped with appropriate air monitoring and gas treatment 
capabilities (see ancillary processes described in Section 5.2.1). The effectiveness of this method 
would be assessed by monitoring the phosphorus content of the effluent at the extraction wells 
and also the exploratory bore holes around the extraction zone to determine the zone of influence 
of the injection well. 
 
 In the in situ leach mining industry, the most effective method for avoiding the unwanted 
spread of the solvent or product within an aquifer is hydraulic isolation (hydraulic barrier) 
(IAEA 2001). This involves a set of auxiliary injection and extraction wells strategically placed 
(possibly vertically staged) to direct flow in the desired direction and to remove any potentially 
contaminated solutions that are missed by the primary product extraction wells. It is anticipated 
that a hydraulic barrier well system would be needed at the FMC site. 
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FIGURE 5-1 Conceptual Diagram of In situ Oxidation of P4 Based on 
Analogy with Oxidative Leach Mining (The map at the top is a view of a 
commonly used well pattern [IAEA 2001]. The cross section in the middle 
roughly represents the P4 contamination associated with Furnace 
Building RA-B. The schematic at the bottom highlights key processes at 
the grain scale.) 
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FIGURE 5-2 Reaction Path Diagram (This 
summarizes the key reactions that must be 
accounted for in the development and 
implementation of white phosphorus 
remediation by in situ oxidation.) 
(Source: Adapted from Sullivan et al. 1979) 



 
 
 The oxidation reactions for converting white phosphorus to phosphoric acid are well 
known, and their rates can be moderated by hosting the reactions within a solvent such as water. 
The use of water mitigates the major hazard involved with this treatment method, which is the 
ignition and uncontrolled burning (and associated toxic gas release) of the subsurface white 
phosphorus. The water pumped into the P4-bearing zone would be heated to a temperature 
higher than the melting point of white phosphorus (44°C) to avoid the formation of oxide layers 
that act as oxidant diffusion barriers and to increase the contact of the oxygenated water with 
P4 grains. 
 
 The only practical solvent to use for this technique would be local groundwater; however, 
there are a number of relevant oxidants that could be used. Ozone (O3) and sodium hypochlorite 
(NaClO) are the top examples of alternative oxidants, and both have been shown to increase the 
rate of white phosphorus oxidation relative to dissolved oxygen. Experiments have shown that 
the rate of oxidation of white phosphorus by dissolved oxygen can be described, in general, by 
first-order reaction kinetics. The details of the major reaction pathways that must be quantified 
and accounted for in designing oxidative treatment methods for white phosphorus are 
summarized in Figure 5-2. In addition, pH and temperature also play key rate-determining roles. 
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 For this method to work efficiently, the oxygenated water needs to be supplied to the 
P4 zone at a rate faster than it is depleted by the oxidation reactions. Determining this flow rate 
(rate of injection/extraction) must be based on a detailed hydrologic investigation of the 
contaminated soil/sediment volume of interest. Furthermore, to fully assess the applicability of in 
situ oxidation of white phosphorus, the amount of oxygen naturally taken up by the host 
soil/sediment matrix (oxygen demand), the pore water pH, and the buffering capacity must be 
known. 
 
 Therefore, the design and implementation of an in situ oxidative remediation method for 
white phosphorus would require a significant number of both laboratory and field investigations. 
The stages involved to design this method would be similar to those used to design in situ leach 
mining operations, as summarized in Table 5-4. 
 
 



 
 
  



TABLE 5-4 Principal Stages in a Design Study for In situ Leach Mininga 



 
Stage of Exploration Investigation Target Investigation Task Major Research Type 



    
Initial evaluation Conduct preliminary 



feasibility study 
Determine leaching 
properties of representative 
samples of deposit and host 
aquifer materials 



Conduct laboratory leach tests 
on core samples 



    
Preliminary 
investigation 



Establish feasibility: 
Justify parameters for 
in situ field tests and 
select appropriate test 
sites 



Determine leaching 
properties of host aquifer as 
part of controlled field tests 



Conduct in situ leach testing 
without processing the 
target deposit 



    
Detailed investigation Synthesize field and 



laboratory test results 
and design full-scale 
operation 



Develop a quantitative, 
predictive model of the entire 
operation (i.e., full-scale 
leaching and recovery of 
deposit material) 



Conduct pilot tests within 
the deposit to confirm key 
sensitivities of the model 



    
Implementation Implement full-scale 



operations based on 
pilot-test results and 
model sensitivities 



Use the model to optimize 
process parameters 



Optimize parameters based on 
recovery efficiency 



 
a Adapted from IAEA (2001). The same design approach would be used to develop an in situ oxidation and 



leaching operation for deep subsurface white phosphorus. 
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5.1.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 



This in situ-method is most appropriate for deep subsurface white-phosphorus-
contaminated zones that are not amenable to excavation. Specifically, it is for the deep (>80-ft) 
subsurface phosphorus mass present at the capillary fringe downgradient from the Furnace 
Building in RU 1 and RA-B. It is also conceivable that an oxidant leach method could be 
developed for contaminated zones in the railroad swale (RU 22c, RA-G), because in the swale, 
excavation is complicated by the impracticality of flooding that location. 
 



Site-specific pilot studies would be required to demonstrate the feasibility of this method. 
The chemistry is well known from bench-scale experiments, but it is unclear how the kinetics of 
key reactions would be influenced by the physical and chemical characteristics of the P4-hosting 
soils and sediments. Furthermore, the hydrology of the white-phosphorus-bearing zones needs to 
be well understood to design the injection/extraction well system. A recommended first step in 
further evaluating this method would be to have technical discussions with experts from the 
in situ leach mining industry. 
 
 



5.1.3.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-5. 
 
 



5.1.3.4 Overall Likelihood of Success at FMC 
 



With a number of years of well-planned pilot studies and a detailed site characterization 
project, this method could probably be successfully implemented at RA-B and RA-G of the FMC 
site. It is anticipated that the main difficulty would be quantifying the extent of decontamination 
after the method was implemented. 
 
 
5.1.4 Containment Technologies 
 
 



5.1.4.1 Description 
 



P4 waste is present at the FMC site primarily in the form of a waxy solid. It is therefore 
essentially immobile, since its solubility is very low. Very little P4 mass is being transported in 
the groundwater at FMC, and a containment technology is not needed for the P4 itself. But 
containment technologies might be necessary, depending on the type of remedial design. For 
example, in situ treatment technologies involving the use of solvents would benefit from a 
containment system to isolate the treatment area, preventing both the solvent and the target 
compound from escaping and blocking groundwater flow into the treatment zone. 
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TABLE 5-5 Assessment of In situ Oxidant Leaching Based on ETT Review Parameters  



 
Review Parameter In situ Oxidant Leaching 



 
Process maturity 



 
This was tested at laboratory scale but not tested at full scale for 
P4 treatment. It requires pilot tests. 



Limitations There is a danger of causing the ignition and uncontrolled burning of 
subsurface white phosphorus. This hazard would be mitigated by 
delivering the oxidant in an aqueous solution that is hot enough to melt 
the P4 and thus facilitate good mixing with the solution. It would also 
be difficult to quantify the success of the method (i.e., the extent of 
decontamination). A significant number of exploratory drill holes 
would be required, both before and after the method was implemented. 



Time to implement (not including 
permitting and approvals) 



Due to the lack of maturity of this method and the need for pilot 
studies and a detailed site characterization, the implementation of this 
method would probably require 3 or more years. 



Effectiveness of removing and/or treating 
P4 in soil 



This method is known to work at laboratory scale, but an in situ 
application would require pilot-scale studies to determine if the 
favorable reaction kinetics would scale up and apply in a 
heterogeneous soil/sediment matrix. The effectiveness of this method 
would be assessed by monitoring the phosphorus content of the 
effluent at the extraction wells and exploratory auger holes around the 
extraction zone to determine the zone of influence of the injection 
well. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by keeping all P4-bearing materials saturated and under 
water and by capturing and treating gases and appropriate PPE. 



Community health and safety during 
implementation 



Unmitigated risk would be high due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by enclosing the injection/extraction well site and 
off-gas treatment process. 



Impacts to the environment during 
implementation 



Unmitigated risk would be significant. Air quality could be affected by 
the release of particulate P4, phosphine, and P2O5/phosphoric acid 
vapors. Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the injection wells. 
The risk would be mitigated by containment of the site and gas 
treatment and hydraulic containment wells (P&T). 



Post-implementation impacts on the 
environment and the community 



The region where this method was applied would contain a large 
number of boreholes, and the local groundwater table would be 
disturbed by the injection/extraction wells. There is a possibility the 
phosphoric acid would be transported away from the injection well 
region, which could be detrimental to local ecosystem. This hazard 
would be mitigated by properly designing the extraction well system. 
If this method is successful, no long-term effects from it are predicted. 
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TABLE 5-5 (Cont.)  



 
Review Parameter In situ Oxidant Leaching 



Overall discussion of advantages and 
disadvantages 



The main advantage would be that deep (>80-ft) subsurface 
P4-bearing zones could be remediated without the need for a large, 
open-pit-type excavation operation. The chemistry is well known and 
deactivates the main hazard associated with P4: its pyrophoric nature. 
This ETT would probably be acceptable from a permitting standpoint, 
with a risk mitigation plan based on proven technologies (air treatment 
enclosure, hydraulic containment wells, and/or hydrologic/reactive 
barriers) and with successful pilot studies having been performed and 
having received appropriate quality assurance/quality control.  
 
The disadvantages would be the: 



• need for pilot studies, 
• considerable effort needed for site characterization,  
• difficultly in quantifying the extent of P4 decontamination 



after the method was implemented, and  
• hazards involved with a possible run-away oxidation reaction 



leading to ignition and an uncontrolled burn.  



 
 



One type of containment technology is known as freeze wall. Freeze wall technology has 
been used in environmental and energy applications (e.g., to stop contaminated groundwater 
discharge at Fukushima or to establish cell boundaries during in situ oil shale retorting) to create 
a flow barrier by chilling the formation to freeze the groundwater. This involves drilling 
numerous vertical holes for circulating refrigerant. It requires a significant amount of electrical 
power. It is possible to install a freeze wall to a great depth; some applications cover several 
hundred vertical feet. 
 



A second type of containment technology is sheet piling. Sheet piling involves 
interconnected steel pieces being successively driven into the subsurface to create a wall. With 
the use of tiebacks, the wall height can be about 10 ft if excavation takes place along one side of 
the wall. Reaching great depths would necessitate a series of telescoping lifts. 
 



A third type of containment technology is a slurry wall. This is constructed by a trencher 
that can reach down to 80 ft in depth (Dewind 2015). As the trench is excavated, it is backfilled 
with low-permeability materials to create a groundwater flow barrier. 
 
 



5.1.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 At FMC, containment technology could be used in conjunction with in situ remedial 
technologies to address the deep P4 at the Furnace Building. For example, solvent extraction 
performed in the Furnace Building vicinity would benefit from the installation of some type of 
containment to prevent lateral losses of the solvent liquid. The cost of containment would be 
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significant, however, and the cost of estimated benign solvent losses over the duration of 
remediation would need to be compared with the cost of containment. 
  



The cost of containment could be significantly reduced if different approaches were used 
in the thick unsaturated zone instead of the capillary fringe approach. For example, if careful site 
characterization indicated that the unsaturated zone had negligible amounts of P4, then 
excavation to remove the overburden could reduce the overburden’s thickness above the 
concentrated P4 at the capillary fringe from about 80 ft to, for example, 20 ft. Thus a layer of 
alluvial deposits would be maintained between workers and the P4, and ideally air would not be 
allowed to diffuse down into the concentrated P4. Although the earth-moving costs would be 
substantial, the containment would be much more cost effective, and the volume of solvent 
would be greatly reduced. The amount of P4 present in the overburden, however, could be 
significant, as described in Section 5.2. 
 
 At FMC, during the installation of a freeze wall to support benign solvent extraction at 
the Furnace Building, drilling (augering) through subsurface P4 would need to be avoided. 
Because the site is poorly characterized, the overall length of the bounding freeze wall cannot be 
optimally reduced. The areal extent of assumed P4 in the capillary zone suggests that a freeze 
wall would be cost-prohibitive due to installation and operational (i.e., power) costs. At FMC, a 
freeze wall could be installed to a depth below the P4 at the capillary fringe (i.e., to a depth of 
about 90 ft below current grade). One consideration related to a freeze wall is that it would be 
unbounded across the bottom of the established treatment cell. The use of a benign solvent 
lighter than water would allow the solvent to remain in the cell if the freeze wall extended into 
the saturated zone, since the solvent would be buoyed up by the groundwater. 
 
 Multiple sheet pile cells would need to be nested together with successively smaller areas 
in order to reach P4 at about 80 ft deep. Coarse gravel can be penetrated during the installation of 
sheet piling. Cobbles can be handled, but boulders cannot (Lee 2015). The Waterloo barrier® is a 
special form of sheet piling that involves the injection of a sealant into a sheet pile wall during its 
construction. This would improve the performance of a sheet pile containment wall in the lateral 
direction. A rough estimate of the cost of a Waterloo barrier is $35 (Canadian) per vertical 
square foot installed (Lee 2015). At FMC, this technology could be used only if the upper 60 to 
70 ft of the unsaturated zone had negligible amounts of P4. Otherwise, each telescoping sheet 
pile cell extending from the current ground surface would need an unbounded bottom, and 
benign solvents used in solvent extraction would be expected to have continuous downward 
losses. 
 
 The deep trencher would not reach the full thickness of the P4 at the water table. 
Approximately 10 ft of surficial material would need to be removed to allow the equipment to 
reach the proper depth a bit below the deep P4 deposit. If the unsaturated zone did not have any 
significant P4 contamination, then large-scale earth-moving could be performed to remove 
alluvium and allow the capillary fringe depth to be reached with a shallower trench. 
 
 A containment barrier could also be installed as a grout curtain. In this approach, 
injection tubes are pushed into the subsurface, and grout is injected across a desired depth 
interval. Injection holes are spaced sufficiently close to create a barrier to groundwater flow. 
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5.1.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-6. 
 
 



5.1.4.4 Overall Likelihood of Success at FMC 
 
 Although the extent of the concentrated P4 at the capillary fringe zone has not been 
characterized, the estimated mass and concentration of P4 (shown in Figure 2-2) suggest that it 
could be present in an area measuring roughly 900 × 600 ft. The cost for using any one of the 
three containment technologies to support benign solvent extraction, therefore, would be 
prohibitive. The cost for large-scale earth-moving of the overburden materials (if it is determined 
that they do not have a significant amount of P4) would be substantial, but it would result in a 
tremendous savings over the cost of any other selected containment method. 
 
 



TABLE 5-6 Assessment of Containment Technologies Based on ETT Review Parameters 



 
Review Parameter Containment Technologies 



 
Process maturity 



 
Mature, but the technology has never been applied to P4 waste. 



Limitations • These technologies do not excavate or remediate, but they could be used 
in conjunction with in situ remediation technologies to address deep P4.  



• The NPV estimate for Alternatives 5 through 7 in the September 2010 
Proposed Plan would be a comparable to the OOM estimate to implement 
this ETT in conjunction with an excavation, treatment, and disposal ETT. 



Time to implement (not 
including permitting and 
approvals) 



Identifying a containment approach could take up to 1 year. Estimated time is 
5 years for installation, with or without large-scale earth-moving to remove 
much of the overburden. 



Effectiveness of removing 
and/or treating P4 in soil 



Not applicable. 



Process safety for site workers 
during implementation 



The degree of safety would be tied to how conservatively large the 
containment boundary surrounding the poorly characterized Furnace Building 
vicinity was, and to whether P4 was present in the thick unsaturated zone or 
whether it was not (which would allow for safe earth-moving).  



Community health and safety 
during implementation 



Not applicable. 



Impacts to the environment 
during implementation 



There would be general impacts due to heavy equipment. Drill cutting disposal 
would be associated with a freeze wall and deep trenching.  



Post-implementation impacts 
on the environment and the 
community 



Not applicable.  



Overall discussion of 
advantages and disadvantages 



A possible advantage would be the conservation of expensive benign solvent 
or the containment of heated, flowing P4. Disadvantages would be the high 
cost of installation for all three methods and the high cost of power for a freeze 
wall. The cost could be reduced if a large portion of the overburden could be 
excavated safely (which would depend on whether there was uncharacterized 
P4 in the thick unsaturated zone).  
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5.2 EX SITU EXCAVATION TECHNOLOGIES 
 
 
5.2.1 Ancillary Technologies 
 
 In order for P4 waste (i.e., waste or soil or debris contaminated with P4) to be treated by 
an ex situ technology, a suite of ancillary technologies would have to be applied to excavate, 
store, sample, size, and blend excavated waste to meet the acceptance criteria of the treatment 
technology selected. The excavation of P4 waste would produce process residuals that would 
require treatment. Before the excavation project could be started, a strategy for treating 
excavated waste as part of, or in parallel with, excavation would need to be determined in order 
to avoid the accumulation of any new hazardous materials. The three main process residual 
streams that would have to be treated during excavation are as follows: 
 



1. Phosphine (PH3) and P4 gases, which accumulate due to disproportionation and 
sublimation of P4 and are released when P4-rich materials are disturbed; 



 
2. Phosphorus pentoxide (P2O5) gas from P4 oxidation, which reacts with water to 



form phosphoric acid; and 
 



3. Aqueous solutions with minor amounts of dissolved and particulate P4 (phossy 
water). 



 
 These process residual streams can be treated by straightforward, well-established 
chemical processes, examples of which are summarized in Figures 5-3, 5-4, and 5-5. 
Conventionally, the phosphine and P4 gas residuals are destroyed in a ~750°C thermal oxidizer, 
and the resulting P2O5 can be converted to phosphoric acid in an in-line quenching chamber 
(Franklin Engineering Group 2007). The resulting phosphoric acid can be marketed as a product 
or neutralized by using calcium hydroxide or an equivalent base.  
 
 Aqueous solutions that have come in contact with white-phosphorus-bearing materials 
will contain relatively low concentrations (mg/L range) of dissolved and suspended P4. These 
solutions are conventionally treated in a hydrolysis reactor that converts P4 to phosphine 
(Franklin Engineering Group 2007). The phosphine can then be burned in the thermal oxidation 
process (Figure 5-3). For a more detailed summary of the three processes shown in Figures 5-3 
through 5-5, see Franklin Engineering Group (2007). 
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FIGURE 5-3 Generic Flow Diagram for Treating P4-, P2O5-, H3PO4-, and 
PH3-Bearing Gases Released during the Excavation of White-Phosphorus-
Rich Materials (Source: Adapted from Franklin Engineering Group 2007) 



 
 



 



FIGURE 5-4 Generic Flow Diagram for Treating Phosphoric Acid 
Wastewater Produced from Treating Gases Captured during the 
Excavation of White-Phosphorus-Rich Materials (Source: Adapted from 
Franklin Engineering Group 2007) 



 
 



 



FIGURE 5-5 Generic Flow Diagram for Treating P4-Bearing Water 
Produced during the Excavation of White-Phosphorus-Bearing 
Materials (Source: Adapted from Franklin Engineering Group 2007) 
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5.2.2 Mechanical Excavation Technologies 
 
 



5.2.2.1 Description 
 
 Traditional earth-working equipment could be used to excavate and move material 
contaminated with white phosphorus, provided that the hazards posed by its pyrophoric nature 
and corrosive reactive off-gases were mitigated. Mechanical excavation could proceed with 
tracked or wheeled vehicles (backhoes, front-end loaders, bulldozers, crane/clamshells, bobcat-
type units, etc.). Excavation footprints could be accessed by using layback excavation benches, 
shoring, freeze walls, and trench boxes. Trench boxes and shoring might be particularly effective 
for excavating a linear feature like an underground pipeline. Materials containing approximately 
1,000 mg/kg or more of P4 are hazardous and would thus require specific hazard mitigation steps 
(FMC 2009). The pyrophoric hazard could be mitigated by performing the excavation when 
ambient temperatures are below 30°C (or by controlling temperature in a temporary structure 
erected over the excavation site) and/or by keeping the white-phosphorus-bearing materials 
covered and saturated with water, while the off-gas from the excavation site could be captured 
and treated. The off-gas treatment would involve enclosing the excavation site in a temporary 
structure with a slight negative pressure and passing the enclosure atmosphere through an air 
pollution control system. One approach for using a temporary structure is described in 
Section 5.3.2, “Drying/Mechanical Mixing with Containment.” A generalized flow diagram for a 
typical treatment process for gases released during the mechanical excavation of white 
phosphorus is shown in Figure 5-3. 
 
 Ideally, the heavy equipment used for excavating white phosphorus materials would be 
autonomous or remotely operated to minimize risk to workers, and any personnel within the 
excavation enclosure would wear PPE appropriate for working with white phosphorus, airborne 
P2O5 particulate, phosphoric acid vapors, and phosphine gas. Remotely operated equipment is 
available commercially. The selection of equipment is somewhat limited, but the equipment has 
been used at the Hanford Reservation (Badden and Seely 2010) in Washington State. Mechanical 
excavation would also produce an aqueous process stream that would require treatment. Any 
water that would come into contact with the phosphorus-bearing materials might contain 
dissolved and/or particulate white phosphorus as well as other contaminant metals and thus 
would have to be captured and treated. A standard process for treating water that has come into 
contact with elemental phosphorus is summarized in Figure 5-5. The water that is treated for 
white phosphorus could then be returned to the excavation site. 
 
 Controlled experiments and field observations indicate that that soils and sediments 
containing less than 1,000 mg/kg of white phosphorus do not smoke (Appendix K of 
FMC 2009); that is, they do not emit observable amounts of P2O5. Therefore, it is likely that the 
excavation of materials containing less than 0.1 weight percent (wt%) P4 would not require an 
enclosure or gas treatment. However, thorough characterization of the materials in question 
would need to be performed prior to open-air excavation. Furthermore, phosphine gas is 
colorless, and it can be released when P4-bearing materials are disturbed. Tests for subsurface 
phosphine and aboveground monitoring should thus be performed even at excavation sites shown 
to contain relatively low concentrations of white phosphorus. 
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5.2.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 With proper hazard mitigation, mechanical excavation would be applicable to all of the 
contaminated regions, except possibly the deep (i.e., more than 80 ft deep) subsurface 
phosphorus mass present at the capillary fringe downgradient from the Furnace Building in 
RU-A and RU-B. Exhumation of the P4 at the capillary fringe would require a pit that is 90 ft 
deep and 1,500 ft in diameter and the removal of 2.5 million yd3 of potentially contaminated 
soil/fill (FMC 2010). 
 
 Excavation of white-phosphorus-bearing material in the railroad swale (RU 22c, RA-G) 
would likely have to be performed by mechanical excavation due to the impracticality of 
dredging a site that does not lend itself to flooding and contains coarse-grained gravels 
throughout the subsurface. As discussed next, the most promising excavation technique for the 
former ponds (RU 22b, RA-C) is likely cutter suction dredging, but mechanical excavation 
would still be needed to prepare the pond sites for flooding and perhaps to remove slag layers 
that overlie the P4-bearing pond sludge/sediments. 
 
 Mechanical excavation would also be the only applicable method for the white-
phosphorus-bearing railcars buried in the slag pile. This would likely involve the removal of 
most of the slag (~300,000 yd3, according to FMC 2010) by open-air excavation (justified by 
low concentrations of P4), followed by excavation, removal, and/or in situ treatment of the 
railcars within a negative pressure enclosure and an associated off-gas treatment process. 
 
 In all applicable regions, the initial excavation effort would likely involve removing an 
overburden consisting of variable thicknesses of slag, soil, and, in some areas, asphalt and 
concrete. If it is known that the overburden materials are free of P4, they could be removed by 
open-air mechanical excavation. Excavated residuals that were only slightly contaminated with 
P4 might be able to be treated by mechanical mixing with containment, as discussed in 
Section 5.3.2. However, when excavation approached horizons known or suspected to contain 
≥0.1 wt% P4, appropriate hazard mitigation systems (excavation enclosure, gas and residuals 
treatment) should be in place. The excavation project would be coupled to one or more ex situ 
treatment processes (discussed next) to provide a constant feed of materials. 
 
 



5.2.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-7. 
 
 



5.2.2.4 Overall Likelihood of Success at FMC 
 
 Mechanical excavation has been used historically at the FMC site to maintain white-
phosphorus-bearing impoundments (ponds) and is currently being used in recent and ongoing 
regrading activities. Furthermore, during the construction of the LDR plant, approximately 6 yd3 
of white-phosphorus-bearing materials were mechanically excavated, transferred to 55-gal 
drums, and shipped off site for incineration (FMC 2009). Therefore, there is a precedent for 
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TABLE 5-7 Assessment of Mechanical Excavation Based on ETT Review Parameters 



 
Review Parameter Mechanical Excavation 



 
Process maturity 



 
Mature. 



Limitations • There are worker health and safety limitations. P4 must be kept 
under water to avoid ignition; high levels of phosphine gas can be 
released when P4 materials are disturbed; and the P2O5 from 
inevitable P4 burning reacts with moisture to form phosphoric acid.  



• The major limitation of mechanical excavation with regard to 
former pond sites is that, once they are flooded, the P4- bearing 
layers would probably not support the weight of heavy equipment.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with a treatment and disposal 
ETT. 



Time to implement (not including 
permitting and approvals) 



Could be implemented immediately. 



Effectiveness of removing and/or 
treating P4 in soil 



Would remove P4 waste. Would not remove hazardous characteristics 
of materials. Requires a treatment ETT to treat P4. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk could be 
mitigated by flooding the excavation site, capturing and treating gases, 
and using appropriate PPE. 



Community health and safety during 
implementation 



Unmitigated risk would be high due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by enclosing the excavation site and using an off-
gas treatment process. 



Impacts to the environment during 
implementation 



Unmitigated risk would be significant. Air quality could be affected by 
the release of particulate P4, phosphine, and P2O5/phosphoric acid 
vapors. Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by containment of the excavation site, 
gas treatment, and the use of hydraulic containment wells (P&T).  



Post-implementation impacts on the 
environment and the community 



None. The excavated site would be filled with uncontaminated (treated) 
soil.  



Overall discussion of advantages and 
disadvantages 



The main advantage of mechanical excavation methods over hydraulic 
ones is their simplicity. Mechanical excavation does not require suction 
pump systems that must be maintained and can be clogged by oversized 
debris. The main disadvantage is the high safety and environmental 
risks associated with P4 ignition, phosphine gas, P2O5/acid vapors, and 
contaminant transport beneath the excavation site. The mitigation of 
these hazards for sites with more than 1,000 mg/kg of P4 would require 
that the excavation site be fully enclosed in a negative-pressure 
enclosure with an attached air pollution treatment facility. Therefore, 
mechanical excavation would be most appropriate for regions with low 
concentrations of P4 (below 1,000 mg/kg) and regions that are not 
amenable to dredging. 
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using mechanical excavation to move P4-bearing materials at the FMC site. However, the 
excavation of the thousands of tons of white-phosphorus-rich materials in the former ponds and 
railroad swale would require new, large-scale hazard mitigation systems, such as flooding the 
excavation site with water and using gas capture and treatment. 
 
 A possible complication associated with any method that involves the use of large 
volumes of water at the excavation site is the transport of contaminants with the water that seeps 
into the subsurface below the excavation zone. In this scenario, soluble forms of contaminants 
(e.g., HAsO4



2-, HAsO2[aq], UO2
2+) could be leached from the excavation volume and transported 



toward the water table by percolation. Hydraulic containment wells (pump and reuse at 
excavation site) and/or hydrologic/reactive barriers could be used to mitigate contaminant 
mobilization; however, the design of such barriers would need to be assessed on a site-by-site 
basis. 
 
 It is recognized that the use of mechanical excavation to extract the amount (more than 
500,000 yd3) of P4-bearing materials from the former ponds represents a unique challenge due to 
the fire and off-gas hazards. These hazards could be largely mitigated, however, by using 
existing technologies. The major limitation of mechanical excavation at the FMC site is that the 
soft, water-saturated, white-phosphorus-bearing soil/sludge materials would probably not support 
the weight of heavy equipment, such as backhoes and tracked excavators. (A rule-of-thumb 
weight for a two-wheeled backhoe capable of digging to a 15-ft depth is 15,000 lb, and most 
relevantly sized tracked excavators weigh more than this.) Since operating heavy equipment on a 
soft, unstable surface poses unacceptable risks, it is likely that long-reach excavators would be 
required to excavate the former ponds. Site-specific analyses are required to assess the 
applicability of standard long-reach excavators (with a 50- to 100-ft reach) to the former ponds. 
Pond 7S might prove to be particularly challenging due to its relatively large areal extent. Other 
complications associated with applying mechanical excavation to the FMC site include these: 
 



• Inefficiency of physically “shoveling” hazardous mud while trying to avoid 
any localized drying that would lead to pyrophoric residues, 



 
• Related complications of using remotely operated heavy machinery, and 



 
• Installation and operation of a site enclosure and a gas capture/treatment 



system. 
 
 Mechanical excavation does have a significant advantage over methods that use pumping 
and pipelines (dredging and hydraulic exaction, discussed next) in that it does not require size 
reduction at the point of excavation and is not subject to shutdowns due to clogged pipes. 
 
 The overall likelihood of successfully using mechanical excavation, with constant water 
cover and off-gas treatment, at the FMC site is deemed high for all regions capable of supporting 
heavy machinery. It is envisioned that mechanical excavation would be used for site preparation 
and the removal of slag and other hard fill materials that contain only low or suspected amounts 
of white phosphorus. The removal of materials with P4 contents of more than 1 wt% (e.g., in the 
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bulk of Ponds 1S, 2S, 3S, 4S, 5S, 6S, 7S, and 10S) would probably be accomplished most 
efficiently and safely by using a remotely operated hydraulic dredging technique. 
 
 
5.2.3 Cutter Suction Dredging 
 
 



5.2.3.1 Description 
 
 A cutter suction dredge is a slurry excavator consisting of a rotating cutter head fitted 
with an opening through which loosened materials are pumped. The cutter head is submerged in 
the water-saturated materials being dredged. The material is “chopped” by a steel cutter at the 
site of excavation to facilitate pumping of the excavated slurry. 
 
 Franklin Engineering Group (2007) reported that a long-reach excavator with a cutter 
suction dredge head was designed for use at the Glenn Springs white phosphorus site, while a 
remotely operated floating cutter suction dredge was designed for use at the FMC Idaho site. 
These dredge designs were targeted to provide the needed mass-per-time feeds for specific site 
treatment plants. The dredging plan for the FMC site involved producing and pumping a 3 to 
8 wt% suspended solids slurry at 350 gallons per minute (gpm) to achieve an overall dredge rate 
of 113,400 gal of slurry per day (FMC 2000). The Glenn Springs dredging system was based on 
pumping 1,800 gpm of sludge by using an 8-in. pipeline that would allow for solids no larger 
than 3 in. The FMC dredge system pipeline was 4 in. in diameter and could allow 0.5-in. solids 
to pass. The dredging plans at both the Glenn Springs and the FMC sites involved a set of unit 
processes that ultimately dewatered the excavated slurries and returned the process water back to 
the excavation site to maintain the desired water level. 
 
 State-of-the-art, commercially available, cutter suction dredges designed specifically for 
use in contaminated ponds and lagoons might be directly applicable to the former ponds at the 
FMC site. Of specific interest are the small- to medium-sized, remotely operated units that come 
as either amphibious tracked dredges or pontoon-floated automated dredges. State-of-the-art, 
commercially available cutter suction dredges generally offer the following relevant features: 
 



• Can be remote controlled by radio from 500 ft away or programmed for full 
automation, 



 
• Have 40- to 60-horsepower submersible slurry pumps, 



 
• Can sense and adjust to the topography of the pond bottom being dredged,  



 
• Can automatically maintain the delivery of a constant solids concentration 



(10 to 30 wt% solids), and 
 



• Contain only a minimal number of moving mechanical parts (there are only 
four moving parts on a typical modern remote dredge). 



 











 



63 



Two examples of commercially available dredge units are shown in Figures 5-6 and 5-7. 
 



Treatment processes generally have an optimum waste acceptance criterion that should 
be met for the technology to work successfully. To operate efficiently and consistently, most 
white phosphorus treatment processes require a feed that is physically consistent in terms of 
particle size and solids concentration. This would require a feed preparation step between cutter 
suction dredging and treatment. FMC Patent 4,492,627 describes a sequence of technologies that 
could be used to produce a physically consistent process feed from cutter suction dredging of the 
former ponds at the FMC site. This patent shows that the slurry of P4-bearing rock and soil 
collected by a cutter suction dredge could be prepared for treatment by a number of separation 
steps, such as conducting physical screening, melting oversized masses of P4, and using 
hydrocyclones and centrifugation for particle size separation. Some of the key particle sizing 
steps detailed in FMC Patent 4,492,627 are summarized in Figure 5-8. 
 
 



 



FIGURE 5-6 Tracked Radio-Remote-Controlled Cutter Suction Dredge (Source: Photos 
from Liquid Waste Technology, LLC, ROV SRD-6E specifications brochure) 
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FIGURE 5-7 Pontoon Floated Radio-Remote-Controlled 
Cutter Suction Dredge (Source: Photos from Liquid Waste 
Technology, LLC, Mud Cat 50E specifications brochure) 
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FIGURE 5-8 Generic Flow Diagram for Size Reduction Treatment 
before Chemical Processing (Source: Adapted from FMC 
Patent 4,492,627) 



 
 



5.2.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Cutter suction dredging is applicable to the former ponds in RU 22b (RA-C and RA-D), 
provided that they can be flooded so that a slurry of approximately 30 wt% (or less) of 
suspended solid can be produced at the excavation site. The three generic options for mounting 
the cutter suction head are:  
 



• Tracked submersible excavators, 
 



• Pontoon-mounted dredge, and 
 



• Long-reach excavators. 
 
 Remotely operated, submersible, cutter suction excavators, such as the one shown in 
Figure 5-6, offer a good deal of flexibility and are directly applicable to all white-phosphorus-
contaminated regions at the FMC site that are amenable to at least localized flooding. Remotely 
operated, pontoon-mounted, cutter suction dredges, such as the one shown in Figure 5-7, are also 
directly applicable to the FMC site but would require at least 16 in. of freeboard water to operate. 
An advantage of the floated dredges is that the cutter suction head can be mounted on a winch-
controlled boom that can readily reach 14-ft depths, and commercially available units can be 
customized for deeper maximum reaches. The long-reach, excavator-mounted cutter suction 
dredge is probably the least promising of the three types because it would be considerably more 
complicated to operate and could be difficult to properly stabilize along the soft mud banks of 
the ponds being excavated. 
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 Figure 5-9 is a conceptual diagram for the use of cutter suction dredging for the 
excavation of one of the former ponds at the FMC site. 
 
 



5.2.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-8. 
 
 



5.2.3.4 Overall Likelihood of Success at FMC 
 
 As mentioned, a possible complication associated with any method that involves flooding 
a contaminated region is the possible transport of contaminants with infiltration. In this scenario, 
soluble forms of contaminants (e.g., HAsO4



2–, HAsO2[aq], UO2
2+) could be leached from the 



excavation volume and transported toward the water table. This process could be mitigated by 
the use of hydraulic containment wells (pump and reuse at excavation site) and/or 
hydrologic/reactive barriers. 
 
 Another possible complication associated with this method would involve the type and 
size of the materials being dredged. Large pieces of quartzite or slag used as fill materials in the 
former ponds at the FMC site might not be amenable to size reduction by the cutter end and 
would thus be rejected by the suction system. If such large pieces of debris were encountered and 
hindered the dredge’s progress, they would have to be removed by using a long-reach excavator. 
Furthermore, large pieces of solidified P4 might also be encountered; however, these pieces 
could be dredged by using thermal-hydraulic methods (summarized next) involving the use of 
steam to melt P4 at the cutter suction head. 
 
 Practical experience has shown that localized ignition of white phosphorus cannot be 
completely avoided with cutter suction. Occasionally, the cutter suction parts and other internals 
would have to be exposed to air for maintenance reasons. Hazards associated with the inevitable 
burning and smoking of white phosphorus during maintenance of these dredging systems would 
have to be mitigated. This could be done with the use of slightly negative-pressure enclosures 
into which the cutter suction parts would be moved for servicing and cleaning as needed.  
 
 If the risk of subsurface contaminant mobilization was mitigated, cutter suction dredging 
would have a high likelihood of success as a front-end process for the excavation and treatment 
of the white-phosphorus-bearing materials in the RU 22c (RA-C, RA-D) former ponds. 
However, mechanical excavation methods would probably need to precede the cutter suction 
dredging to remove the slag overburdens from some of the former pond areas and to prepare the 
sites for flooding. 
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FIGURE 5-9 Conceptual Diagrams (not to scale) Showing a Possible 
Sequence of Steps for Excavating White-Phosphorus-Bearing Materials 
from a Flooded P4 Impoundment (Source: developed by Argonne) 
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TABLE 5-8 Assessment of Cutter Suction Dredging Based on ETT Review Parameters 



 
Review Parameter Cutter Section Dredging 



 
Process maturity 



 
Mature. 



Limitations • This method requires complete flooding of the excavation site. A 
constant, large supply of water is needed to keep the excavation 
site flooded and to maintain the pond’s water level.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with a treatment and disposal 
ETT. 



Time to implement (not including 
permitting and approvals) 



This method could be implemented immediately if an adequate water 
supply is available. 



Effectiveness of removing and/or treating 
P4 in soil 



This method would remove P4-bearing materials. It would not remove 
hazardous characteristics of materials. Excavated P4 waste would have 
to be subjected to a treatment technology. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by flooding the excavation site and by doing the excavation 
by using remotely operated dredges. Phosphine gas would be 
monitored (both site and personnel monitoring). Maintenance on 
dredge parts would be performed in a negative-pressure enclosure with 
gas treatment and with workers who were wearing appropriate PPE. 



Community health and safety during 
implementation 



Accidental drying at the excavation site would have significant 
community health and safety consequences due to the possible release 
of particulate P4, phosphine, and P2O5/phosphoric acid vapors. The 
risk would be mitigated by maintaining a large volume of excess water 
at the excavation site along with sand for smothering P4 fires. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. Air could be affected by the 
release of particulate P4, phosphine, and P2O5/phosphoric acid vapors. 
Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by keeping the excavation site 
flooded and containing the site groundwater by hydraulic containment 
(P&T wells). 



Post-implementation impacts on the 
environment and the community 



The excavated site would be filled with uncontaminated (treated) soil. 



Overall discussion of advantages and 
disadvantages 



The main advantage of cutter suction dredging over mechanical 
excavation is that it would be performed remotely, thus greatly 
reducing worker health and safety risks. Furthermore, the removal and 
transport of P4 materials as a slurry (~10 wt% solids) would minimize 
the risk of large masses of P4-bearing materials drying out and 
igniting. The overall advantage is that it would minimize the risk to 
workers. Its main disadvantages would be its need for large volumes 
of water and the inevitable equipment failure and complications 
(e.g., clogging of pumps and pipes) associated with its use.  
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5.2.4 Thermal-Hydraulic Dredging 
 
 



5.2.4.1 Description 
 
 Another option for removing white phosphorus from contaminated soil and sediments 
involves melting and pumping the P4 at the site of excavation. Due to its low melting point 
(around 44oC), white phosphorus can be melted by hot water or steam applied at the front of a 
modified cutter suction dredge. This approach has been used in phosphorus treatment plants by 
supplying heat through a steam-jacketed cylinder surrounding the suction pump (Franklin 
Engineering Group 2007).  
 
 An advantage to the thermal-hydraulic dredge technique is that large pieces of pure P4 or 
P4-cemented aggregates that would be rejected by the screen on the cutter suction intake could 
be broken down (melted) using the thermal-hydraulic method and sucked up by the pumping 
system. The general disadvantages to the application of heat at the cutter suction tip are the 
added energy costs and the fact that the equipment is more complicated to operate and maintain. 
 
 



5.2.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The applicability is the same as that for cutter suction dredging. In fact, the thermal-
hydraulic dredge method is essentially a modification or added feature of the cutter suction 
method. As discussed in the section on cutter suction dredging, this technology would require a 
feed preparation step between cutter suction dredging and any treatment technology, such as the 
preparation step depicted in Figure 5-8.  
 
 



5.2.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-9. 
 
 



5.2.4.4 Overall Likelihood of Success at FMC 
 
 The likelihood of success would be the same as that for cutter suction dredging in that it 
would be high for locations that could be flooded. 
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TABLE 5-9 Assessment of Thermal Hydraulic Dredging Based on ETT Review Parameters 



 
Review Parameter 



 
Thermal Hydraulic Dredging  



 
Process maturity 



 
Mature. 



Limitations This method requires complete flooding of the excavation site. A 
constant, large supply of water is needed to keep the excavation site 
flooded and to maintain the pond’s water level. The NPV estimate for 
Alternatives 5 through 7 in the September 2010 Proposed Plan would be a 
comparable OOM estimate to implement this ETT in conjunction with a 
treatment and disposal ETT. 



Time to implement (not including 
permitting and approvals) 



This method could be implemented immediately if there was an adequate 
water supply. 



Effectiveness of removing and/or 
treating P4 in soil 



This method would remove P4-bearing materials. It would not remove 
the hazardous characteristics of the materials. Excavated P4 waste would 
have to be subjected to a treatment technology. 



Process safety for site workers during 
implementation 



• There would be a high risk to site workers due to P4 ignition (burns), 
phosphine released from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by flooding the excavation site and doing the excavation 
by using a remotely operated thermal-hydraulic excavator. Phosphine 
gas would be monitored (both site and personnel monitoring).  



• Maintenance on dredge parts would be performed in a negative-
pressure enclosure with gas treatment and by workers wearing 
appropriate PPE. 



Community health and safety during 
implementation 



Accidental drying at the excavation site would have significant 
community health and safety consequences due to the possible release of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by maintaining a large volume of excess water at the 
excavation site and also sand for smothering P4 fires. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. Air could be affected by the 
release of particulate P4, phosphine, and P2O5/phosphoric acid vapors. 
Groundwater could be affected by the downward transport of 
contaminants, with infiltration occurring below the flooded excavation 
site. The risk would be mitigated by keeping the excavation site flooded 
and containing the site groundwater by hydraulic containment (P&T 
wells). 



Post-implementation impacts on the 
environment and the community 



The excavated site would be filled with uncontaminated (treated) soil. 



Overall discussion of advantages and 
disadvantages 



The main advantage of thermal-hydraulic dredging over mechanical 
excavation and cutter suction dredging is that it could be performed 
remotely, thus greatly reducing worker health and safety risks, and it 
would minimize the chance of the pump and pipeline becoming clogged 
due to large pieces of P4 (would be melted prior to suction). Furthermore, 
the removal and transport of P4 materials as a slurry (~10 wt% solids) 
would minimize the risk of large masses of P4-bearing materials drying 
out and igniting. The overall advantage would be minimizing the risk to 
workers. The main disadvantages of the method would be the need for 
large volumes of water, thermal input, and the inevitable equipment 
failure and complications (e.g., clogging of pumps and pipes by rocks) 
associated with its use.  
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5.2.5 Summary on Appling Excavation Methods to the FMC Site 
 
 Table 5-10 matches the major white-phosphorus-bearing regions at the FMC site with the 
most promising excavation method for each region. All three excavation methods would require 
large amounts of water. Cutter suction dredging and thermal-hydraulic dredging would require 
the complete flooding of former pond sites, all of which were dewatered prior to 1982. The most 
likely source of water for excavation would be groundwater extracted as part of a hydraulic 
containment program (P&T) designed to prevent contaminants associated with the P4-containing 
soil and debris from downgradient migration and going off site. The hydraulic containment plan 
discussed in MWH (2010) states that a groundwater extraction rate of 530 gpm would be 
required. This supply of 3,780 yd3 of water per day would be adequate supply for excavation. 
 
 To put these numbers in perspective, here are some data. It is estimated that the total 
volume of P4 wastes and fill in the former ponds is 595,820 yd3 (FMC 2010). Based on the 
assumption that there is 50% porosity, the former ponds contain 297,910 yd3 of void space that 
needs to be saturated before or during excavation. Based on a groundwater extraction rate of 
530 gpm (3,780 yd3 of water per day), there would be enough water to fully saturate the former 
ponds in approximately 79 days. 
 
 Observations during site investigations revealed that in some places, the crushed slag fill 
had become compacted and formed solid layers up to several feet thick (FMC 2010). The 
presence of these relatively dense layers would be revealed by geophysical surveys of the 
excavation site during the characterization and planning phase of the excavation project (e.g., by 
ground-penetrating radar or seismic reflection). Such layers would likely require removal using 
mechanical excavation techniques. 
 
 Process knowledge regarding the addition of white-phosphorus-bearing materials to the 
former pond impoundments indicates that the P4 concentration in these materials would likely 
vary considerably. It is noted in MWH (2010) that the addition of precipitator slurry to the ponds 
might have concentrated the white phosphorus due to the method of discharge. It was observed 
that P4 was in a molten state within the discharge pipe (>44°C), but it rapidly solidified upon 
entering the lower-temperature pond sediments. It thus formed highly concentrated masses or a 
monolith of P4 at the pipe outlet. The discharge pipes were moved periodically to evenly 
distribute the P4-containing soil and debris within the ponds, so these highly concentrated 
masses of P4 would be distributed throughout the impoundments (MWH 2010). It is possible 
that the blades on the cutter suction dredge head will not be able to cut through the solid masses 
of P4. These masses could be readily broken down, however, by using a steam lance fitted to the 
dredge head. 
 
 Due to the variability of the characteristics of the white-phosphorus-bearing material in 
each remediation area, it is likely that all three excavation methods would play important roles in 
removing the P4-containing soil and debris for treatment. All three methods have unique sets of 
advantages and disadvantages that make them complimentary to each other. 
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TABLE 5-10 Most Promising Excavation Method for Each White Phosphorus-Bearing Region 
of the FMC Sitea 



Location 



 
Max. P4 



Mass 
(tons) 



Likely 
P4 Conc. 



(wt%) 
Area 



(acres) 



Depth to 
Native Soil 
or to P4 (ft) 



Total Fill 
Volume 
(yd3)b Best Excavation Method 



       
Capillary fringe, 
RU 1, RU 2, 
RA-B 



5,470 50 7.8 90 to P4 2,500,000c In situ treatment or 
mechanical excavation 
(open pit) 



       



Pond 7S, RU 22b, 
RA-C 



4,420 20 3.6 20 116,160 Cutter suction dredging 



       



Pond 6S, RU 22b, 
RA-C 



3,000 10 2.3 20 74,213 Cutter suction dredging 



       



Railcars, RU 19, 
RA-F  



2,000 25 –d 120 to P4 300,000c Mechanical excavation 



       



Pond 3S, RU 22b, 
RA-C 



1,070 10 1.2 20 38,720 Cutter suction dredging 



       



Pond 5S, RU 22b, 
RA-C 



1,000 10 1 20 32,267 Cutter suction dredging 



       



Pond 4S, RU 22b, 
RA-C 



790 10 0.8 20 25,813 Cutter suction dredging 



       



Pond 10S, RU 22b, 
RA-C 



390 10 1 20 32,267 Cutter suction dredging 



       



Pond 2S, RU 22b, 
RA-C 



100 10 0.8 20 25,813 Cutter suction dredging 



       



8S material, RU 13, 
RA-C 



60 0.25 3.6 23 66,630 Mechanical excavation 



       
Pond 1S, RU 22b, 
RA-C 



30 1 0.5 20 16,133 Cutter suction dredging 



       



Railroad swale, 
RU 22b, RA-C 



10 1 2.4 14 54,208 Mechanical excavation 



       



Subsurface pipes, 
throughout RA-B, 
RA-C 



Unknown Up to 
100 



– 10 – Mechanical excavation 



       



RU 19c, 21 buried 
railcars 



200–2,000 10–25 – 80–100 – Mechanical excavation, 
see Section 5.5.2  



 
a The criteria used for determining the most promising methods are presented in Tables 5-1, 5-2, and 5-3. 



b Rough estimate based on simple geometric calculation: area × depth to native soil. 



c From MWH (2010).  



d Dash means not applicable. 
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5.3 EX SITU TREATMENT TECHNOLOGIES 
 
 
5.3.1 On-Site Incineration 
 
 



5.3.1.1 Description 
 
 Incinerators are used for the treatment of both liquid and solid waste streams. As 
discussed in Section 5.3.7, full-scale incineration facilities are located throughout the United 
States. In addition, mobile, transportable incinerators are sometimes temporarily installed and 
operated at a given waste management site. There are a number of different types of incinerators, 
including these four: 
 



• Rotary kilns, 
 



• Fluidized-bed units, 
 



• Liquid injection units, and 
 



• Fixed hearth units.  
 
 The rotary kiln design is of interest for a number of reasons. Rotary kiln incineration 
systems are flexible, allowing liquids, solids, and sludge having wide variations in heating value 
to be treated simultaneously. A rotary kiln incineration system consists of four fundamental 
parts: (1) waste feed system, (2) combustion chamber, (3) solid residuals handling component, 
and (4) air pollution control component. Waste can be fed into the combustion component by 
diverse feed systems, such as ram feeders and sludge feed systems, or by liquid injection 
systems. The combustion component consists of a refractory-lined cylinder that is tilted at a 
slight angle. The combustion chamber rotates around its long axis during operations, causing the 
solids to move in a downgradient direction toward the exit of the kiln and into a solids/ash-
handling area. Air handling equipment is used to evacuate combustion by-products from the 
combustion chamber for treatment (potentially in a secondary combustion chamber) and in air 
pollution control equipment. 
 
 



5.3.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC acknowledged that incineration technology is potentially applicable to P4 waste 
(MWH 2009, 2010). Using on-site incineration as an ETT for the volume of waste found in 
historical ponds would have to be preceded by one or more of the ancillary technologies 
discussed in Section 5.2. Because dredged historical pond residuals would be saturated or nearly 
saturated, dredged waste residuals would probably need to be at least partially dewatered prior to 
the waste feed process. Partially dewatered waste and any excavated soil would have a low 
British thermal unit (Btu) value and would require large amounts of energy to ensure incineration 
occurs at design temperatures. Incineration would result in the release of large amounts of carbon 
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dioxide, a greenhouse gas. Waste residuals would need to be physically preprocessed (crushed, 
ground, etc.) and blended to suit the waste acceptance criteria (WAC) required for optimal 
operation of the incinerator technology. 
 
 Thermal technologies such as incineration have been designated as at least one of the 
recommended technologies that could be used to deactivate RCRA characteristics, such as 
ignitability (D001) and reactivity (D003), prior to land disposal. The LDR treatment standards 
were promulgated to provide protections should any hazardous waste be destined for land 
disposal. As a result, the awareness of a recommended technology like incineration that is meant 
to achieve a protective standard prior to land disposal informs the consideration of ETTs in this 
report. Excavating residuals from the historical ponds would trigger the LDRs, since the 
residuals would likely be considered hazardous because of D001 and/or D003 characteristics. 
Since incineration is listed as a recommended technology for deactivating the noted RCRA 
characteristics, incineration is applicable for consideration as an ETT. 
 
 Incineration technology has a fairly extensive track record. Transportable rotary kiln 
incinerators have been used at a number of national and international sites. Since 1982, on-site 
incineration has been used as a treatment technology at a Superfund site more than 40 times 
(EPA 2013). No mobile, transportable incinerator investigated by Argonne was used to treat 
P4-containing waste. However, on-site incineration at the Bayou Bonfouca Superfund site in 
Slidell, Louisiana, did require the dredging and dewatering of sediment prior to incineration. 
Approximately 165,000 yd3 of sediments contaminated with polyaromatic hydrocarbons were 
treated in a rotary kiln incinerator at a rate of approximately 25 tons/hr (EPA 2001). The 
volumes of the treatment residuals (165,000 yd3 at Bayou Bonfouca and 500,000 yd3 in the 
historical ponds) are comparable in terms of scale. The fact that sediment was dredged and 
dewatered prior to incineration makes the incineration history at Bayou Bonfouca somewhat 
analogous to how the historical ponds would need to be addressed, and it demonstrates the 
feasibility of dredging, dewatering, and then incinerating a waste stream. 
 
 In addition, a rotary-kiln-type design appears to be particularly applicable for treating 
residuals containing P4 in the historical ponds. There are at least two examples of rotary-kiln-
type incinerators being used to treat the P4 contained in military munitions. 
 
 Spreewerk Lubben (in situ leaching or ISL) operates what is referred to as an Army 
peculiar equipment (APE) rotary kiln incinerator that is used to decharacterize munitions 
containing white phosphorus (Spreewerk 2007). Figure 5-10 depicts the APE incinerator in 
Lubben, Germany. The system includes a conveyor feed system, afterburner, and slurry feed 
system with thick wall retort sections. It reportedly meets stringent German environmental 
standards and North Atlantic Treaty Organization safety regulations. 
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FIGURE 5-10 Spreewerk Lubben (ISL) Rotary Kiln Incinerator (Source: Wilkinson and 
Watt, 2006) 
 
 
 Since approximately 1989, the Army has operated a modified rotary kiln furnace to 
process white-phosphorus-containing military munitions. The facility has the capacity to process 
11,500 lb of white phosphorus per day. The APE design provides for the collection and 
modification of heated vapors, thereby allowing for the production of 48,000 lb of 
75% concentrated phosphoric acid. The efficient, state-of-the-art system provides for removing 
the hazards associated with elemental phosphorus while repurposing the phosphorus as 
phosphoric acid that can be used in downstream manufacturing operations (Howell 2014; Rainey 
and Zaugg 1990). 
 
 Bench-scale and/or pilot-scale studies might have value with regard to implementing this 
ETT. Studies might be needed to determine the optimum incinerator waste acceptance criteria in 
terms of parameters like percent moisture, percent P4 content, waste size, etc. Studies might also 
be needed to determine whether phosphoric acid recovery is economically and technically viable, 
and, if it is, how to identify and divert the recoverable P4 stream from all the residuals generated 
by the excavation ETT. Studies might also be required if or whether incinerator residuals can 
achieve the RCRA universal treatment standards (UTSs). 
 
 



5.3.1.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-11. 
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TABLE 5-11 On-Site Incineration Based on ET Review Parameters 



 
Review and Evaluation Parameter On-Site Incineration 



 
Process maturity 



 
Mature, with full-scale systems designed to treat white-phosphorus-
containing military munitions in operation. 



Limitations • The parameter discussion for excavation technology in 
Section 5.2 applies.  



• Stakeholder acceptance for on-site incineration, on-site disposal 
of incinerator residuals, or transport of incinerator residuals off 
site would be required. 



• Feed materials would require dewatering and blending to meet 
moisture and other incinerator WAC; the higher the moisture 
content, the higher the energy requirements.  



• Incinerator by-products (ash, slag, emissions, wastewater) would 
require additional treatment.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



The time needed to plan for ancillary technology and excavation 
support and handling incinerator by-products is estimated to be 1 year. 
The time needed to incinerate waste is estimated to be more than 
10 years. 



Effectiveness of removing and/or treating 
P4 on site 



• The technology is considered to be effective at removing P4 risks.  
• Incineration alone would not be likely to address underlying 



constituents (UCs).  
• Post-incineration residual conditioning (PIRC) would be required 



for UCs.  
• A CAMU, a CERCLA disposal site, or an off-site disposal site 



would need to meet the disposal site’s WAC, including the criteria 
related to the waste’s naturally occurring radioactive material 
(NORM) content, if applicable. 



Process safety for site workers during 
implementation 



The parameter discussion for excavation technology in Section 5.2 
applies. For ancillary technology and incineration, moderate risks 
would be mitigated by project planning and the regulatory 
environment.  



Community health and safety during 
implementation 



• The parameter discussion for excavation technology in 
Section 5.2 applies.  



• For incineration alone, risks would be low to moderate.  
• For PIRC, it is assumed risks would be low.  
• Risks might be created from transporting incinerator residuals off 



site by truck or by rail. 
Impacts to the environment during 
implementation 



• The parameter discussion for excavation technology in 
Section 5.2 applies. 



• For incineration or PIRC, impacts on soil would be minimal. 
Incinerator air emissions might be comparable (in terms of risk) 
with emissions that occurred when the Pocatello plant was 
operating. 
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TABLE 5-11 (Cont.) 



 
Review and Evaluation Parameter On-Site Incineration 



  
• Permit requirements would tend to mitigate the impact of 



emissions to air or surface water.  
• Any treated wastewater could be reused for ancillary technology. 



Post-implementation impacts on the 
environment and the community 



The parameter discussion for excavation technology in Section 5.2 
applies. The P4-associated risks would be removed within the areas 
that could be excavated. The remediated footprint could be 
repurposed. 



Overall discussion of advantages and 
disadvantages  



Advantages would be as follows: 
• The process is mature. 
• The reactivity and ignitability components could be removed. 
• Phosphorus could be reclaimed and marketed as phosphoric 



acid. 
• Incinerator residuals could be disposed of on site in a CAMU 



without treatment or in a non-CAMU with treatment.  
 
Disadvantages would be as follows: 



• It might be difficult to gain regulatory and public acceptance 
of the on-site incineration technology. 



• It might be difficult to gain stakeholder acceptance if 
incinerator residuals have to be transported on 
public roads for off-site land disposal. 



• Incineration residuals would require treatment to achieve 
LDRs (if the waste were to be disposed of at a non-CAMU 
facility on site). 



• The NORM content of the incineration residuals could limit 
or preclude the use of off-site disposal sites. 



 
 



5.3.1.4 Overall Likelihood of Success at FMC 
 
 The likelihood of achieving success at the former FMC plant would depend on several 
factors, including these: 
 



• Public acceptance of and regulatory approval for constructing and operating a 
mobile incinerator;  



 
• Being able to design and operate an excavation technology, ancillary 



technologies, and stage accumulated dredged materials so that incinerator 
WAC could be achieved; and 



 
• The fate of waste residuals from the incinerator. Public acceptance is needed 



to dispose of waste on land on the former FMC plant grounds or to allow 
incinerator residuals to be transported from the former FMC site to an off-site 
disposal facility. 
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 If stakeholder acceptance was obtained and if regulatory approval was granted, this ETT 
would have a moderate to high chance of achieving success at the former FMC plant. The 
maturity of the process suggests that the technology could readily remove the ignitability and 
reactivity components associated with the P4 waste. If the P4 present could be recovered and 
re-purposed as phosphoric acid, and if the decharacterized waste residuals from the incinerator 
could be disposed of in a CAMU on site, the ETT would probably have a high chance of success. 
 
 
5.3.2 Drying/Mechanical Mixing with Containment 
 
 



5.3.2.1 Description 
 
 In July 1986, in Miamisburg, Ohio, a railroad tank car containing 12,000 gal of liquid P4 
(approximately 40,000 L, 170,000–175,000 lb) derailed and burst into flames next to Bear Creek, 
a stream leading to the Great Miami River. The P4 within the railcar was covered with 2,500 lb 
of water to preclude oxidation, and the car was maintained at a constant 45°C to keep the P4 in a 
liquid state during transport. As a result of the derailment, the railcar was compromised, and both 
the P4 and the water overlying it were released to the environment (Scoville et al. 1989). 
 
 The initial emergency response effort was quite extensive, involving evacuations, fire-
fighting equipment, the Ohio Environmental Protection Agency, the Ohio governor’s office, the 
Miamisburg city manager and staff, federal agencies, police, hazardous materials specialists, air 
monitoring crews, SMEs, and a number of emergency support groups. Initially, fire and 
emergency response crews tried to put out the fire, but eventually, the railcar was moved to a 
more isolated area where the fire was allowed to burn itself out. It took more than five days for 
the fire to subside (State of Ohio Disaster Services Agency 1986). 
 
 It was estimated that several thousand gallons of P4 escaped into the surrounding soil and 
stream sediments. In addition, copious amounts of water were used to try to blanket the P4 and 
limit further oxidation (Scoville et al. 1989). While this water helped to minimize the amount of 
smoke and particulates that escaped from the response area, it is likely that it also increased the 
amount of media contaminated with P4. 
 
 P4-containing soil and stream sediment were removed and treated by exposing the 
sediment to the open air on bermed asphalt pads that were specially built to treat the 
P4-containing soil and sediment. Each pad was approximately 2,000 m2 (about 0.5 acre), and the 
contaminated soil and sediment were placed on each pad to a depth of 15 to 20 cm 
(Scoville et al. 1989). 
 
 The soil and sediment were first passed through a sorting machine to remove rocks and 
thereby minimize damage to the equipment being used to cultivate the contaminated soil and 
sediment. After the sediment was placed on the pads, tractors with cultivator disks were used to 
turn it so the P4 would be constantly exposed to the air, thus increasing the rate of oxidation. The 
soil and sediment were also heated by propane heater blowers attached to the rear of the tractor, 
and hydrogen peroxide was used to enhance oxidation (Scoville et al. 1989). 











 



79 



 The soil and sediment were treated for a period of 12 to 24 hours — the amount of time 
needed to reduce the P4 to less than 10 mg/kg. It was determined that the material would no 
longer be ignitable once the P4 was reduced to concentrations of less than 10 mg/kg in the 
material. Estimates were made that 7,500 yd3 of soil and sediment were treated over a period of 
approximately 12 weeks (Scoville et al. 1989). 
 
 In addition to open-air drying/mechanical mixing, a number of other remediation 
alternatives were also considered. These included the following: 
 



• Reaction of the P4 by heating the soil and sediment in a modified asphalt 
drier, 



• Oxidation of the P4 by adding hydrogen peroxide to the soil and sediment, 
 



• Physical separation of the P4 from the soil and sediment by heating the 
mixture to the P4 melting point, and 



 
• Reaction of the P4 by exposing the soil and sediment to air on a pad enclosed 



within a containment structure. 
 
 Based on evaluations of feasibility, cost effectiveness, and time constraints, the open-air 
drying/mechanical mixing approach was selected. Although the cultivation operation could have 
been conducted under a containment structure, emissions of reaction products to the open air 
were kept to allowable levels (i.e., <0.02 mg/m3 of phosphoric acid). Work was curtailed, 
however, when the direction of the wind was toward the closest houses. Work was conducted 
only during daylight hours (Scoville et al. 1989). 
 
 The Miamisburg incident and the resulting remediation effort were the basis for 
considering drying/mechanical mixing with a containment option for application to FMC. 
 
 The use of a containment structure was optional because, as was the case for the 
Miamisburg remediation, FMC might be able to conduct this type of operation in the open air 
and still meet emission requirements. Argonne notes, however, that it might be more difficult for 
the EPA to approve an open-air option and for the public to accept it. This possibility is 
especially likely when the proximity of Highway 86 and other infrastructure to the FMC site is 
taken into consideration. However, if FMC could demonstrate that the operation can be 
conducted safely, with emissions being below acceptable levels in open air, this option could be 
considered further. An additional advantage of employing a containment structure would be its 
ability to keep “the elements” away from the treatment area. In this manner, added precipitation 
could be precluded, and operations would not be affected by temperature extremes or the 
direction or speed of the wind. 
 
 Use of a containment structure during P4 remediation was applied at a P4 site located 
outside Tarpon Springs, Florida (EPA Region 4 2013). In this case, the containment structure 
was referred to as a “tent,” so it might not have been an airtight structure. 
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 The type of containment structure Argonne is suggesting for this particular option is 
depicted in Figure 5-11. The containment structure could be built over an impervious pad, such 
as the pad used at the Miamisburg site, or it could be situated on the ground surface itself. If it is 
placed over an impervious pad, a portion of the area under the structure could consist of a 
remediation parcel, and the other portion could be reserved for the impervious surface. 
 
 These types of containment structures can be built in various sizes and are in common 
use in some industries. For example, similar devices have been used for years for remediating 
sites that contain chemical weapons or that are contaminated with chemical warfare agents 
(National Research Council 2012). 
 
 Furthermore, these structures could be equipped with an off-gas treatment system in 
order to meet requirements for emissions before the exit into the environment. Also, a negative-
air-pressure system could be used in tandem with the emissions control to continually draw 
contaminated air above the treatment surface and into the off-gas treatment system. Air monitors 
could be placed in designated locations within the structure to help establish worker protection 
requirements and select appropriate PPE. In addition, special lighting could be employed inside 
the structure to help deal with the limited vision associated with off-gassing from 
P4-contaminated materials. Lighting would also allow for 24-hour operation if it was needed. 
Fans could be used to draw emissions from the contaminated media into the off-gas treatment 
system more quickly; this too could help improve vision within the structure. Another option — 
automated tractors with disking equipment, which are often used in farm applications — could 
be employed to limit the need for personnel to work inside the structure. Finally, the inside 
 
 



 



FIGURE 5-11 Example of Containment Structure (Source: Mahaffey 
Fabric Structures 2015) 
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environment of the structure could be air conditioned to maintain the temperature below that 
which would cause P4 to spontaneously ignite or oxidize. 
 
 In addition, this type of structure is considered transportable; it could be moved from 
location to location as remediation is completed at one portion of the site and started at another. 
This might be the ideal situation for FMC, considering the difficulties involved in minimizing 
oxidation if contaminated media were to be transported from one location on site into the 
containment structure instead of being treated under the structure at the point of extraction. 
Multiple containment units could also be employed, as deemed appropriate, to speed the 
remediation effort. 
 
 The drying/mechanical mixing with a containment option could also be combined with 
some type of on-site disposal for residuals that remained after treatment and contained heavy 
metals or other underlying constituents that did not meet LDR treatment standards. For example, 
residual solids might be disposed of on site as part of the CERCLA remedy, or they might be 
placed on site in a RCRA CAMU. On-site disposal is discussed further in Section 5.4.1. 
 
 



5.3.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The drying/mechanical mixing with a containment option is applicable to the FMC site. 
Ideally, the P4 in soil and debris with high P4 concentrations could be recovered (e.g., in 
material with 1%–10% and higher P4 concentrations). Residuals with P4 concentrations that are 
less than the low percentage levels (including residuals left over from treatment to remove 
recoverable P4) might be most suitable for this treatment option. The added advantage of not 
subjecting soil and debris with higher percentage level concentrations of P4 to this treatment 
option is that soil and debris with these concentrations could burn or smoke excessively, making 
worker conditions difficult or dangerous. 
 
 Open-air drying/mechanical mixing was shown to be successful at the Miamisburg, Ohio, 
site. Application of this technology under a containment structure (tent) for P4 remediation was 
shown to be successful at the Stauffer chemical site in Florida. 
 
 While drying/mechanical mixing with and without a containment structure have been 
applied successfully in the past, bench-scale and pilot-scale studies would be helpful. Bench-
scale testing could help, for example, in determining whether the technology could be applied 
safely and meet air emission requirements at FMC without a containment structure. Furthermore, 
these studies could be employed to evaluate other factors like these: 
 



• Ideal ranges for P4 concentrations, 
 



• Utility of using heat to enhance oxidation (as employed at the Miamisburg 
site), 



 
• Utility of using oxidants such as hydrogen peroxide to enhance oxidation (as 



employed at the Miamisburg site), 
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• Throughput, 
 



• Working conditions (potential for fires and visibility issues), and 
 



• Appropriate levels of PPE. 
 
 If it can be shown during bench- and pilot-scale testing that drying/mechanical mixing 
can be done safely without a containment structure, the remediation effort would likely be more 
efficient and less costly. 
 
 Another item mentioned above is throughput. To use this technology, it would be 
important to be able to estimate how much time would be needed to treat soil and residuals that 
contained optimal P4 levels. At the Miamisburg site, it is estimated that 7,500 yd3 of soil and 
sediment were treated over a period of about 12 weeks (Scoville et al. 1989). At this rate, and 
considering that the FMC site would contain much larger amounts of P4-contaminated soil and 
debris that could be amenable to this technology, treatment could take many years at the FMC 
site. However, multiple units could be employed, as could options that might increase the 
reaction rates. Bench- and pilot-scale testing might be especially helpful for estimating 
throughput. 
 
 



5.3.2.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-12. 
 
 



5.3.2.4 Overall Likelihood of Success at FMC 
 



The overall likelihood of success of the drying/mechanical mixing with containment 
option appears to be favorable. This technology has been applied previously at a P4 rail spill site 
in Miamisburg, Ohio (without a containment structure), and it has been used at the Stauffer 
Chemical P4 remediation site outside Tarpon Springs, Florida (with a containment structure). 
 



This technology would likely be effective for soil and debris containing a relatively low 
amount of P4. The EPA, Region 9 RSL for an industrial setting for P4 is 23 mg/kg. The 
23-mg/kg level could be considered the target level for treatment of P4 soil and debris. This 
technology would likely not be desirable for soil and debris containing moderate to large 
amounts of P4, due to potential for large fires and excessive emissions that could result in low 
visibility and possibly exceedances of emission requirements. The upper limit for P4-containing 
soil and debris using this ETT is estimated to be between 1,000 and 10,000 mg/kg, perhaps up to 
100,000 mg/kg. The upper limit concentration should be evaluated during bench-scale and pilot-
scale testing to determine the optimum upper level concentration of P4 that would be amenable 
to this type of treatment. 
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TABLE 5-12 Drying/Mechanical Mixing with Containment Option Based on ETT Review 
Parameters 



 
Review Parameter Drying/Mechanical Mixing with Containment Option 



 
Process maturity 



 
• Drying/mechanical mixing (open-air oxidation) was applied at a 



P4 train derailment site in Miamisburg, Ohio, in 1986, with 
acceptable results. No containment structure or emission controls 
were used, and the result was that “smoke” was released to the 
environment. Emission requirements were met by limiting 
operations to specific weather conditions. 



• Although the drying/mechanical mixing process has not been used 
recently, it is considered a full-scale technology. However, bench-
scale or pilot-scale testing might be helpful in establishing 
operating conditions. 



Limitations • The primary impediment associated with this method is that it 
would be limited to contaminated media with P4 concentrations 
between 23 and 1,000 mg/kg up to 10,000 mg/kg or possibly even 
higher (approaching 100,000 mg/kg). This technology is not 
recommended for highly concentrated P4 soil and debris. 



• Another limitation is that the process might require prior sorting 
of contaminated media to remove large rocks or similar materials, 
since these can damage mechanical mixing equipment. 



• A further limitation is that the process would require large areas 
for application (e.g., up to possibly 0.5 acre or more). 



• Residuals from drying/mechanical mixing would require 
additional waste treatment to comply with RCRA LDRs, or they 
could be managed in an on-site CERCLA landfill or in a RCRA 
CAMU. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with treatment (for the more 
concentrated P4 levels), and a disposal ETT. 



Time to implement (not including 
permitting and approvals) 



• If a football-field-sized plot was used (e.g., 50 × 100 yd), and if 
the contaminated media depth was 5 to 8 in., and if it took 
24 hours to reduce the P4 concentration to less than 23 mg/kg, and 
also if the long lead times for site and materials preparation and 
removal of treated media were considered, about 22,500 ft3 of 
media could be treated every 5 to 7 days. 



• The time needed for implementation would depend on the total 
amount of contaminated media within the range of 
P4 concentration between 23 and 1,000 mg/kg and possibly up to 
10,000 mg/kg or higher. 



Effectiveness of removing and/or treating 
P4 on site 



• The process might be able to be enhanced through the use of 
various oxidants. For example, hydrogen peroxide was applied at 
the 1986 derailment site to increase P4 oxidation rates. 



• Drying/mechanical mixing would be effective in reducing 
P4 concentrations to less than 23 mg/kg. 



• Residuals would need to meet RCRA LDRs, or they could be 
managed in either a RCRA CAMU or a CERCLA landfill or sent 
to off-site disposal. 
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TABLE 5-12 (Cont.) 



 
Review Parameter Drying/Mechanical Mixing with Containment Option 



 
Process safety for site workers during 
implementation 



 
• The safety risk for drying/mechanical mixing could be considered 



moderate to high. 
• Appropriate engineering controls and PPE might bring worker 



risks to acceptable levels. 
Community health and safety during 



implementation 
• The health risk to the community from this process could be 



considered moderate. The health risk would be low if a 
containment device were employed. 



• Appropriate engineering controls (e.g., an airtight sprung structure 
over a remediation site with emission controls) might facilitate 
community acceptance. 



Impacts to the environment during 
implementation 



• Open-air drying/mechanical mixing would have a moderate to 
high impact on the environment, even if air emission requirements 
could be met. 



• A properly constructed and operated drying site with containment 
would have minimal impacts to soil, surface water, and 
groundwater.  



Post-implementation impacts on the 
environment and the community 



Assuming that all contaminated P4 materials that were in the range of 
23 to 1,000 mg/kg and possibly up to 10,000 mg/kg or higher were 
treated in the drying/mechanical mixing process, post-implementation 
impacts would be limited to any waste residuals that were left behind 
(e.g., in an on-site CERCLA landfill or a RCRA CAMU). 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• It is a proven technology, although it has not been used 



recently. 
• It employs a simple design and is easily understood. 
• It could remove most of the P4 from moderately 



contaminated media in the 23 to 1,000 mg/kg and possibly up 
to 10,000 mg/kg or higher. 



• If a containment structure was employed, gases emitted 
during treatment would be collected and passed through 
emission controls prior to their release. 



• It is anticipated that public approval would be favorable. 
 
The disadvantages are as follows: 



• It could be applied only to moderately contaminated media. 
• The media would require a significant amount of preparation 



(e.g., sorting to remove large rocks). 
• It would require long lead times before the actual treatment in 



order to prepare the media and the plot and would also 
require long times after the treatment to remove the treated 
media. 



• Waste residuals would require further treatment to meet 
RCRA LDRs; they could be managed in a CERCLA landfill 
or in a RCRA CAMU. 



• The cost would be high relative to the cost of cap and cover 
options. 
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5.3.3 A&W Mud Still Batch Process 
 
 



5.3.3.1 Description 
 
 The A&W mud still is basically a batch distillation process wherein P4-containing 
materials are placed in a metal container and heated to drive off water and recover P4. The A&W 
process was patented in 1978 and has been used to treat P4-containing materials at three 
facilities. One primary advantage of the mud still over other technologies is that the still can 
handle monolithic chunks (e.g., slag, rocks) as long as they can fit into it. Hence, the mud still 
would not require prior mechanical sorting or grinding to reduce the size of the chunks to be 
treated unless they were very large (Franklin Engineering Group 2007). Another salient attribute 
of the mud still is that it is a recovery process, so the P4 can be recovered and sold as product. 
 
 Operation of the mud still is actually fairly simple. P4-containing materials are loaded 
into the still, which is then gradually heated to a temperature of 1,112°F. The P4 is driven off at a 
temperature of 522°F. Red phosphorus is driven off as the temperature approaches 1,112°F. The 
P4 is condensed and concentrated, and although it contains some impurities, it can be sold as 
product. Noncondensible gases, including PH3, H2, and N2 are thermally treated, and scrubbers 
are used to reduce particulate emissions. After it cools down, the recovered P4 is removed and 
the still is emptied of residuals and then reloaded with another batch of raw material. The process 
for a single batch can take 20 to 30 hours (Franklin Engineering Group 2007). 
 
 Use of the mud still has been studied extensively at the Silver Bow RCRA site located 
outside Butte, Montana (Franklin Engineering Group 2007, 2011, 2012; Barr 2014). The mud 
still that was tested at the Silver Bow site was fabricated in order to test the mud still concept. It 
consisted of a section of 24-in. Schedule 40 stainless steel pipe, with a flat plate for a bottom and 
a stainless steel flange at the top for attaching a lid. The lid was also equipped with an agitator to 
promote heat transfer and improve efficiency. Once filled, the still assembly was placed inside an 
electric furnace, where heating occurred. The design capacity for the device used during the 
treatability study was about 3 ft3 of clarifier material (Franklin Engineering Group 2012). 
 
 The Silver Bow site is similar to FMC in many respects. Owned initially by Rhodia Inc., 
the site smelted slag and produced P4. It started operations in the early 1950s and closed them in 
1997. The site was subject to RCRA corrective action (cleanup requirements) via a RCRA 7003 
Order that was issued in 2000. Rhodia conducted extensive work to comply with the 7003 Order. 
In 2011, Solvay S.A. acquired Rhodia, and Rhodia, Inc., became a member of the Solvay Group 
(Barr 2014). 
 
 The clarifier at the former Rhodia, Inc., phosphorus manufacturing facility in Silver Bow, 
Montana, contains phosphorus-rich waste. The clarifier is 100 ft in diameter, 12 ft deep, and 
open-topped, and it contains about 500,000 gal of phosphorus solids. The P4 contained in the 
solids is estimated to be about 20% by volume. The remaining material in the clarifier consists of 
water and solids, including phosphate, coke, and silica dust (Franklin Engineering Group 2007, 
2011, 2012; Barr 2014). 
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 Noncondensible gases produced by the mud still, including phosphine, hydrogen, and 
nitrogen, would be treated in a thermal oxidizer, and scrubbers would be installed to remove 
particulates. Permitting of the unit under Clean Air Act requirements would thus be necessary. 
 
 Residual solids remaining in the still after treatment would be collected and disposed of. 
The solids are subject to the RCRA regulations. Although the residual solids would no longer 
exhibit the RCRA characteristics of ignitability and reactivity (because P4 would have been 
driven off), they might contain heavy metals. Therefore, the residual solids might require 
additional treatment to meet RCRA LDR requirements (Franklin Engineering Group 2007). 
 
 In lieu of treating the mud still residuals to meet LDR requirements, the A&W mud still 
technology could also be combined with some type of on-site disposal to deal with residuals that 
remained after treatment and contained heavy metals or other underlying constituents that did not 
meet LDR treatment standards. For example, Solvay is proposing to manage the residual solids 
on site after treatment by using the mud still in a RCRA CAMU. On-site disposal is discussed 
further in Section 5.4.1. 
 
 The A&W mud still is likely to be chosen as the technology to treat the material in the 
Solvay clarifier. Solvay has indicated that the P4 that is recovered from the mud still could be 
used at some of its other facilities. Further, Solvay has indicated in the February 2014 Draft 
Supplemental Waste Report (P42) (Barr 2014): 
 



Future Commercial Operations – This facility could serve as a viable commercial 
P4 recovery facility for managing similar materials from other elemental 
phosphorus facilities. If Solvay decides to pursue commercial operations, then 
RCRA permitting pertaining to storage of hazardous waste might be required, and 
Solvay would obtain any required permit. 



 
 The mud still has been tested extensively at the Silver Bow site and shown to be a viable 
option for treating the material in the clarifier and recovering P4 (Franklin Engineering Group 
2011, 2012 ). A simplistic flow diagram of the mud still process is depicted in Figure 5-12. A 
photograph of the mud still in operation at the Silver Bow site is shown in Figure 5-13. 
 
 



5.3.3.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The A&W mud still is directly applicable to FMC soil and residuals that contain P4. 
During the Silver Bow treatability study testing, however, it was learned that the process could  
be especially well-suited for certain types of soils and residuals. The FMC Phase 3 treatability 
study report (Franklin Engineering Group 2012) states: 
 



Mixtures of clarifier feeds that are high in phosphorus and high in residual solids 
are more difficult to treat using this process. These types of feeds result in run 
times of excessive length, appear to cause excessive boiling and scaling of residual 
solids on the walls of the still, and unless left for an excessively long time can 
leave residues contaminated with elemental phosphorus. Because of this issue, 
some material in the clarifier may not be amenable to treatment using the still.  
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FIGURE 5-12 Flow Diagram of Mud Still Process 
(Source: Franklin Engineering Group 2007)  



 
 



 



FIGURE 5-13 Mud Still in Operation (Source: Franklin  
Engineering Group 2012) 
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 From these words, one could conclude that soils and residuals that contain high amounts 
of solids and P4 might not be directly amenable to treatment in the mud still. Some preparation 
of the soil and residuals might be needed to ensure that materials placed in the mud still could be 
successfully and efficiently treated. Since it is likely that some of the soil and residuals present at 
FMC might need to be excavated and pumped to treatment facilities, the material introduced into 
the mud still would likely have a reasonable amount of water added in order to improve 
consistency and flow and minimize oxidation. This could afford an opportunity to pre-prepare 
materials before their emplacement in the mud still. 
 
 Moreover, soil and residuals excavated from the FMC site that contain high amounts of 
P4 should perhaps not be treated in the mud still. Highly concentrated soils and residuals 
(e.g., those containing 60%–70% P4 or more) might be able to be containerized, shipped, and 
treated as product material. In essence, the excavation of soil and residuals with high amounts of 
P4 might be considered more of a mining operation than a remedial operation, resulting in a 
product and not a waste material. 
 
 Similarly, soil and residuals excavated from the FMC site that contain low amounts of 
P4 (e.g., more than 23 mg/kg and up to low percentage levels) might also not be ideal for 
treatment in the mud still. Soils and residuals with low P4 concentrations might make the mud 
still operations inefficient. This possibility has yet to be evaluated, because clarifier materials 
tested during the treatability study at Silver Bow contained P4 at approximately 20% by volume. 
Materials with low levels of P4 were not tested at the Silver Bow site. Hence, if the mud still 
were to be considered further for FMC, bench-scale and/or pilot-scale studies would be useful 
for determining the optimal range in feed materials with respect to FMC soil and debris and 
P4 concentrations. 
 
 Bench-scale studies would also be helpful in determining throughput, including 
throughput as a function of P4 and solids loading. As indicated above, the design capacity for the 
device used during the treatability study was about 3 ft3 of clarifier material, and it took 20 to 
30 hours to complete treatment of a single batch (Franklin Engineering Group 2012). While it is 
likely that a commercial-scale unit would have a higher capacity and also perhaps operate more 
efficiently, throughput would nevertheless be limited. Throughput would need to be examined 
and evaluated against other viable technologies. 
 
 Note also that even though it is uncertain, it is likely that a mud still will be employed at 
the Silver Bow site. A number of other alternatives, including capping and off-site incineration, 
were evaluated, but it appeared that the mud still has some distinct advantages over those 
alternatives. Most notable is its ability to recover much of the P4 and use it as product. No other 
alternative that was explored offered this advantage. 
 
 The timing of decisions at the Silver Bow site is also uncertain. Should a decision be 
made to use the mud still at Silver Bow, a production-scale unit would need to be designed and 
built. Also it is likely that a pilot-scale facility would need to run prior to full-scale application. It 
could be several years after a decision was made on Silver Bow before the facility would begin 
to treat waste materials. Nevertheless, it would be highly advisable, if the mud still is an 
acceptable alternative for FMC, to put off a final decision for FMC until after the mud still has 
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operated at Silver Bow for some time. The stakeholders at FMC could then benefit from 
observing progress, issues, and possible success at Silver Bow and use the knowledge as input 
when making a decision on whether to employ the mud still at FMC. 
 
 



5.3.3.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-13. 
 
 
TABLE 5-13 Assessment of A&W Mud Still Based on ETT Review Parameters 



 
Review Parameter Batch Mud Still 



 
Process maturity 



 
• The mud still process was patented in 1978 (A&W mud still). 



A batch mud still process has been used at three facilities for 
P4 sludge treatment. A three-phase treatability study for the 
mud still was conducted for the Silver Bow site in Montana. 



• The process requires significant upgrades for a commercial-
scale unit. 



• The batch mud still process is considered a pilot-scale 
technology. 



Limitations • The primary impediment associated with the batch mud still 
process is low throughput. Applying the pilot-scale unit to 
treat the material in the Silver Bow clarifier (500,000 gal) 
would take more than 100 years. The FMC materials that 
require treatment are much larger than the materials in the 
Silver Bow clarifier.  



• Another limitation of the batch mud still is that mixtures of 
waste feeds that are high in P4 and high in residual solids are 
more difficult to treat. 



• Application to mostly solid materials (e.g., soils and slags) is 
unproven. Water might need to be added to solids to facilitate 
distillation. 



• Using the batch mud still to treat materials with less than 
1,000 mg/kg of P4, or possibly even less than 10,000 mg/kg, 
would probably be inefficient. 



• Liquid effluent and solid residuals from batch mud still 
operation would require additional waste treatment to comply 
with RCRA LDRs, or they could be managed as part of an 
on-site CERCLA remedy or a RCRA CAMU. 



• The batch mud still process requires significant scale-up from 
go from pilot scale to full scale. 



• The NPV estimate for Alternatives 5 through 7 in the 
September 2010 Proposed Plan would be a comparable OOM 
estimate to implement this ETT in conjunction with an 
excavation and disposal ETT. 
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TABLE 5-13 (Cont.) 



 
Review Parameter Batch Mud Still 



 
Time to implement (not including 
permitting and approvals) 



 
• Applying the pilot-scale unit to treat the material in the Silver 



Bow clarifier (500,000 gal) would take more than 100 years. 
The FMC materials requiring treatment are much larger than 
the materials in the Silver Bow clarifier. 



• Operating larger-batch units or a number of units in tandem 
could significantly increase throughput. 



Effectiveness of removing and/or 
treating P4 on site 



• The batch mud still could be highly effective in removing 
P4 from waste materials. 



• Recovered P4 could be sold as product. 
• Residuals would need to meet RCRA LDRs, or they could be 



managed in a CAMU or as part of an on-site CERCLA 
remedy, or they might be sent off site for disposal. 



Process safety for site workers 
during implementation 



• The process safety risk for the batch mud still process could 
be considered moderate to high. 



• Appropriate engineering controls and PPE might bring 
worker risks to acceptable levels. 



Community health and safety during 
implementation 



• The process health risk for the community for the mud still 
process could be considered moderate. 



• Appropriate engineering controls (e.g., an airtight sprung 
structure over the remediation site, with emission controls) 
might bring the community risk to acceptable levels. 



Impacts to the environment during 
implementation 



• A properly constructed and operated batch mud still process 
would have minimal impacts on soil, surface water, and 
groundwater. 



• The batch mud still process would generate air emissions of 
potentially toxic gases. 



• Air releases of toxic gasses from the batch mud still process 
could be controlled with off-gas treatment or if the operations 
were performed under an airtight structure with emission 
controls. 



Post-implementation impacts on the 
environment and the community 



If all moderately to heavily contaminated P4 materials were 
treated in the batch mud still process, post-implementation 
impacts would be limited to any waste residuals that were left 
behind (e.g., treated to meet RCRA LDRs or managed as part of 
an on-site CERCLA remedy or in a CAMU). 



Overall discussion of advantages 
and disadvantages 



The advantages are as follows: 
• It is a proven technology through the pilot scale at 



present. 
• It can remove most of the P4 from on-site materials. 
• P4 generated during mud still batch treatment could be 



sold. 
• It is anticipated that public approval would be favorable. 
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TABLE 5-13 (Cont.) 



 
Review Parameter Batch Mud Still 



 
Overall discussion of advantages 
and disadvantages (Cont.) 



 
The disadvantages are as follows: 



• The batch mud still’s application to mostly solid 
materials (e.g., soils and slags) is unproven. 



• Throughput would be low unless larger or multiple units 
were applied. 



• Using the process to treat materials with less than 
1,000 mg/kg of P4, or possibly even less than 
10,000 mg/kg, would likely be inefficient. 



• Waste residuals would require further treatment to meet 
RCRA LDRs, or they could be managed as part of an 
on-site CERCLA remedy or in a CAMU. 



• The cost of the process is high relative to cap and cover 
options. 



 
 



5.3.3.4 Overall Likelihood of Success at FMC 
 
 The overall likelihood of success of the A&W mud still looks favorable. This technology 
has been applied previously at several sites, including a recent treatability study at the Silver 
Bow Site in Montana. This site is similar in several respects to the FMC site. Solvay has even 
suggested that the mud still might be able to be applied commercially for other P4 recovery 
operations. 
 
 However, it appears that there may be an optimal solids and P4 loading for materials that 
would be treated by the mud still. Whereas the technology would likely be effective with regard 
to soil and debris containing a moderate amount of P4, it might not be effective with regard to 
soil and debris containing moderately high or low levels of P4. As indicated in the Silver Bow 
Phase 3 treatability study, mixtures of clarifier feeds that are high in phosphorus and in residual 
solids are more difficult to treat by using this process. Soil and debris might, however, be 
pre-processed before being placed in the mud still to optimize its treatment potential. A 
significant amount of bench-scale and pilot-scale testing would likely be needed to determine 
optimal material feeds and operating conditions. 
 
 
5.3.4 Land Disposal Restriction Waste Treatment System (anoxic caustic hydrolysis, 



metals precipitation, filtration, stabilization) 
 
 



5.3.4.1 Description 
 
 The land disposal restriction (LDR) waste treatment system (WTS) is based on an anoxic 
process design. In general, lime and waste are combined under pressure in a heated reactor. 
Solids generated in the reactor are precipitated, filtered, and stabilized with additives. Exit gas 
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rich in phosphine and hydrogen is treated. The system was designed as an anoxic process that 
uses caustic hydrolysis under an elevated temperature and pressure. It was designed and built to 
handle soil and debris (wastes) generated by the then-active FMC plant.  
 
 The treatment system was also designed to treat about 113,400 gal/day of slurry dredged 
from Pond 18. Accumulated solids from Pond 18 that consisted of suspended solids at 3–8 wt% 
with P4 concentrations at 0–50 wt% were to be dredged and sent to a clarifier before being 
treated in the LDR WTS. The dredged slurry was to be sent to two lamella (inclined plate) 
clarifiers (referred to as an “inlet waste separator”) capable of producing an underflow slurry of 
20 wt%. Overflow was to be gravity-fed to a pond overflow collection tank. This tank was to be 
back-flushed to the pond during any pause in dredging to prevent the line from plugging. The 
underflow was heated in pond underflow slurry tanks to prevent temperatures from dropping 
below the temperature at which the phosphorus in the waste solid strainers would freeze (113°F).  
 
 The remainder of the LDR WTS plant consisted of the following unit operations: 
 



• Size reduction mill to control the size of waste feed from the waste solid 
strainers; 



 
• Reactor feed system consisting of three 6-hour storage tanks to provide for 



filling, testing, and feed equalization; 
 



• Reactor system consisting of two identical reactors designed to operate at up 
to 600 psig and 464°F;  



 
• Filtration system; 



 
• Wet filter cake stabilization system; 



 
• Residual management system consisting of roll-off boxes to allow residuals to 



be transported off site for disposal; the LDR WTS would have produced 
243 yd3 of residuals per day, or about 15 × 20 yd3 of roll-offs with soil and 
debris going to an FMC silica mine (Fyock 1999);  



 
• LDR WTS off-gas treatment system consisting of a thermal oxidizer system, a 



two-stage particulate scrubber system, a flare backup system, and a quench 
blowdown tank to remove accumulated solids and phosphoric acid; and 



 
• Phosphoric acid storage and loading system. 



 
 



5.3.4.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 The LDR WTS is directly applicable to FMC. Bench-scale and pilot-scale studies using 
the technology have already been performed. A full-scale version of the LDR WTS was 
constructed at the FMC Pocatello site. The LDR WTS was designed and built specifically to treat 
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P4-containing solids and sediments present in the historical ponds. In particular, the design 
features that focus on the excavation, blending, dewatering, sizing, and treatment of residuals 
from Pond 18 seem to be directly applicable to the treatment of the waste present in the non-
RCRA historical ponds. 
 
 



5.3.4.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-14. 
 
 
TABLE 5-14 Assessment of LDR WTS (anoxic caustic hydrolysis, metals precipitation, filtration, 
and stabilization) Based on ETT Review Parameters 



 
Review Parameter LDR WTS 



 
Process maturity 



 
Mature, with a full-scale system designed and constructed, but never 
operated. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste could be excavated. 
• Waste acceptance would be needed. The feed materials would 



require dewatering and blending to meet moisture and other LDR 
WTS WAC.  



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



The amount of time is unknown; however, the LDR WTS was 
designed to treat Pond 18 residuals in 5 years (Haselberger 2000). 
Estimated time is 5 years for installation. Estimated time is 10 years for 
operations. 



Effectiveness of removing and/or treating 
P4 on site 



The LDR WTS is considered to be effective at removing P4 risks and 
treating residuals to address underlying constituents. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Risks for operating the LDR WTS are considered to be low to 
moderate and could be mitigated by design and regulatory controls. 



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Risks for operating the LDR WTS are comparable to the risks 
that existed when the FMC plant was operational. 



Impacts to the environment during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Impacts on soil and surface water would be minimal. Air 
emissions would be controlled, and they may be comparable (in terms 
of risk) to air emissions that occurred when the Pocatello plant was 
operating.  
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TABLE 5-14 (Cont.) 



 
Review Parameter LDR WTS 



 
Post-implementation impacts on the 
environment and the community 



 
The parameter discussion for the excavation technology in Section 5.2 
applies. With regard to P4 waste that could be accessed by excavation 
equipment, P4-associated risks from historical pond residuals 
(residuals located near the surface) would be removed. The remediated 
historical pond footprint could be reused as brownfield. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The water source needed for the excavation footprint would 



be available from the LDR WTS clarifier or groundwater 
P&T system.  



• The process is mature.  
• The reactivity/ignitability characteristics could be removed.  
• Reclaimed land could be reused as brownfield.  
• The phosphorus could be reclaimed and marketed as 



phosphoric acid.  
• The LDR WTS residuals could be disposed of on site or in an 



off-site landfill.  
 
The disadvantages are as follows: 



• It would be difficult to get regulatory and public acceptance.  
• The parameter discussion for the excavation technology in 



Section 5.2 applies.  
• LDR WTS residuals might require additional treatment to 



meet WAC at on-site or off-site disposal sites. 



 
 



5.3.4.4 Overall Likelihood of Success at FMC 
 
 Given the fact that the LDR WTS was designed and built specifically for the treatment of 
soil and debris generated by the FMC plant, the likelihood of its success there appears to be high. 
 
 
5.3.5 Wet Air Oxidation 
 
 



5.3.5.1 Description 
 
 In order to meet requirements in the FMC Pocatello RCRA Consent Decree of July 13, 
1999, FMC evaluated more than 50 waste management technologies capable of treating phossy 
waste. One technology evaluated was wet air oxidation (WAO) (MWH 1999). The WAO 
process involves the oxidation of organics or inorganics in water by using oxygen as the 
oxidizer. In WAO, the oxidation reactions occur in a reactor at elevated temperatures  
(150–320°C or 275–600°F) and pressures (10–220 barg [barg is the pressure, in bars, above or 
below atmospheric pressure of 0°C] or 150–3,200 lb/in.2 gauge or psig) (Siemens 2015). 
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A pilot-scale WAO evaluation was performed at the US Filter/Zimpro facility in 
Rothschild, Wisconsin, in 1998 (Figure 5-14). The pilot-scale evaluation also included lime 
adjustment of treated slurry and filtration of lime-adjusted slurry. It was determined that the 
WAO process could acceptably treat phossy wastes. Treatment followed by filtration and 
stabilization was proven to be effective in treating materials to meet RCRA LDR standards and 
other Consent Decree requirements (MWH 1999). 
 
 



5.3.5.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC performed pilot-scale studies using WAO. FMC demonstrated that WAO, followed 
by the conditioning and treatment of solid residuals and the treatment of off-gases, could 
successfully treat soil and debris from the former FMC plant. However, pilot-scale studies 
suggested that the WAO technology did not compare favorably with the anoxic process; the 
WAO process was viewed as being more complicated and less robust. The WAO process 
requires greater control of operational parameters and more heating and more efficient transport 
of oxygen into the slurry. The WAO process requires an N2 purge. The process could pose wet-
cake-handling issues that would require lime adjustment before filtration and stabilization in 
order to meet Consent Decree requirements. In addition, the design, operation, and permitting 
 
 



 



FIGURE 5-14 Typical Process Flow Diagram for Zimpro® Wet Air Oxidation (Siemens 2002) 
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requirements for the air pollution control aspects of the WAO could also be problematic 
(MWH 1999). FMC acknowledged additional technical challenges for using this technology.  
 
 



5.3.5.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-15. 
 
 



5.3.5.4 Overall Likelihood of Success at FMC 
 
 It is unlikely that WAO would achieve success at FMC without a protracted pilot-scale 
study and a full-scale design effort. A pilot-scale study demonstrated that WAO is more 
complicated and less robust than the anoxic caustic hydrolysis design and that strict control of 
operational parameters would be needed for the technology to succeed. 
 
 
TABLE 5-15 Assessment of Wet Air Oxidation Based on ETT Review Parameters 



 
Review Parameter Wet Air Oxidation 



 
Process maturity 



 
It is considered mature within the waste treatment industry with regard 
to treating a variety of waste streams. Only a pilot-scale version has 
been assessed for treating P4. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste could be excavated. 
• Testing did not specifically address historical pond residuals but 



instead focused on phossy wastes from the FMC plant. 
• Full-scale design and operating requirements are unknown. 
• The NPV estimate for Alternatives 5 through 7 in the September 



2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
disposal ETT. 



Time to implement (not including 
permitting and approvals) 



Due to the lack of maturity of this method, the need for pilot studies, 
and the need for detailed site characterization, it is estimated that 3 to 
5 years for pilot-scale studies and construction would be needed to 
implement it and that 10 years would be required for operations. 



Effectiveness of removing and/or treating 
P4 on site 



A pilot-scale version of the WAO was shown to be effective at 
destroying 100% of the P4 and 96%–98% of the cyanide present in the 
phossy waste tested. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Because this is a totally enclosed system, meeting design and 
operating requirements could mitigate the risk to site workers. 



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Meeting design and operating requirements could mitigate 
risks to the community. 
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TABLE 5-15 (Cont.) 



 
Review Parameter Wet Air Oxidation 



 
Impacts to the environment during 
implementation 



 
The parameter discussion for the excavation technology in Section 5.2 
applies. Meeting design and operating requirements should limit the 
impacts from any air emissions and water discharges. 



Post-implementation impacts on the 
environment and the community 



If design and operational hurdles could be overcome, P4-associated 
risks from historical pond residuals that could be accessed by the 
excavation technology would be removed. The remediated historical 
pond footprint could be reused as brownfield. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• Pilot-scale testing has been performed. 
• The waste could be decharacterized. 
• The air emissions could be controlled. 
• The residuals could be disposed of on site or in an off-site 



landfill. 
 
The disadvantages are as follows: 



• Testing and design work would be required to advance from 
pilot scale to full scale. 



• It is not known whether the technology could be used to treat 
soil, sediment, and debris containing P4 waste. 



• It would be difficult to get regulatory and public acceptance. 
• Operating parameters and conditions could make operations 



difficult. 
• The residuals might require treatment to achieve WAC at on-



site or off-site disposal sites. 
 



 
 
5.3.6 Solvent Stirred Batch Reactor 
 
 



5.3.6.1 Description 
 
 Elemental phosphorus is a nonpolar compound due to the coordination symmetry of the 
P-P bonds in the tetra-phosphors molecule. As such, its solubility in strongly polar solvents like 
water is limited (about 0.003 g/L), while its solubility in nonpolar solvents is relatively high 
(Table 5-16). Therefore, it is conceivable that nonpolar solvents could be used to treat P4-bearing 
materials by using a solvent extraction method. This would involve mixing soils and sediments 
contaminated with white phosphorus with a nonpolar, water-immiscible solvent in a stirred and 
heated reactor, which would cause P4 dissolution, and then recovering the P4-rich solvent for 
further processing. 
 
 A starting place for developing this method would be to scale up the well-established 
solvent extraction procedure used to prepare white-phosphorus-bearing samples for analysis by  
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TABLE 5-16 Solubility of White Phosphorus in Selected Solvents  



 
Solvent Solubility (g/L) Disadvantages 



    
Toluene ~30 (similar to benzene) Flammable 
Benzene 28.6 Carcinogen 
Ethanol 25 Flammable 
Chloroform 25 Anesthetic 
Ether 9.8 Flammable, anesthetic 
Water 0.003 None 
Olive oil 12.5 None 
Carbon disulfide 1,250 Flammable, toxic 
Acetone Low solubility None 
Methanol Low solubility None 
 
Source: Adapted from Rivera et al. 1996. 



 
 
gas chromatography (EPA Method 7580, white phosphorus by solvent extraction and gas 
chromatography). This treatment method would involve the following steps:  
 



• Loading wet (water-saturated), white-phosphorus-bearing soil/sediment into a 
stainless steel stirred batch reactor vessel, 



 
• Adding solvent, 



 
• Conducting mechanical mixing and heating to achieve the optimal reaction 



kinetics, and 
 



• Distilling the reacted solvent to recover P4. 
 
 The solvent would be recycled and used for multiple extractions.  
 
 



5.3.6.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Although this method is technically possible, it has a number of disadvantages that would 
make its application for a full-scale remediation project unattractive relative to other methods 
discussed in this report. One of the key disadvantages is the toxic nature of the most effective 
solvents for this method (benzene, toluene, carbon disulfide, etc.). As shown in Table 5-16, there 
are some relatively benign chemicals that could be used (oils); however, these solvents are not 
commonly used as white phosphorous extractants (no reports of their use were found), so 
extensive laboratory testing would be required to assess their mixing properties and reaction 
kinetics. 
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5.3.6.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-17. 
 
 
TABLE 5-17 Assessment of Solvent Stirred Batch Reactor Based on ETT Review Parameters 



 
Review Parameter Solvent Stirred Batch Reactor 



 
Process maturity 



 
Conceptual. The process would require laboratory research and 
development. 



Limitations Tested solvents for this method are toxic and/or flammable (benzene, 
toluene, carbon disulfide). There is a lack of scalable laboratory test 
data. 



Time to implement (not including 
permitting and approvals) 



Due to immaturity of this method and the need for laboratory studies, it 
is estimated that 5 or more years would be needed to implement it. 



Effectiveness of removing and/or treating 
P4 on site 



Its effectiveness has not yet been determined. This method has been 
used for relatively small analytical samples, but there are no relevant 
data on its effectiveness as a large-scale remediation method for P4. 



Process safety for site workers during 
implementation 



There would be a high risk to site workers due to P4 ignition (burns), 
phosphine release from disturbed soils (poisoning), and 
P2O5/phosphoric acid generation (acid inhalation). The risk would be 
mitigated by keeping all P4-bearing materials saturated and under 
water, as well as by capturing and treating gases and using appropriate 
PPE. There would be additional risks if toxic, flammable solvents were 
used. 



Community health and safety during 
implementation 



The unmitigated risk would be high due to possible releases of 
particulate P4, phosphine, and P2O5/phosphoric acid vapors. The risk 
would be mitigated by treatment plant engineering and by using 
ancillary treatment technologies. 



Impacts to the environment during 
implementation 



The unmitigated risk would be significant. The air quality could be 
affected by the release of particulate P4, phosphine, and 
P2O5/phosphoric acid vapors. The risk would be mitigated by treatment 
plant engineering and by using ancillary treatment technologies. 



Post-implementation impacts on the 
environment and the community 



There would be no impact on the environment or the community if a 
properly engineered treatment plant and applicable ancillary treatment 
technologies were available.  



Overall discussion of advantages and 
disadvantages 



• The main advantage of this method is that, since it is a batch 
process, it would require minimal processing of the feed material. 
As long as the P4-bearing feed could be well mixed mechanically, 
there would be little need for particle size reduction or phase 
separation.  



• The main disadvantage is that this process has been demonstrated on 
only relatively small analytical samples by using toxic solvent. 
There are no scalable data for this process that involve the use of a 
benign solvent.  
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5.3.6.4 Overall Likelihood of Success at FMC 
 
 Unless there is a considerable research and development effort, this method has a low 
likelihood of success for use on materials excavated from the FMC site. 
 
 
5.3.7 Off-Site Incineration 
 
 



5.3.7.1 Description 
 
 In the mid-1990s, FMC performed an extensive nationwide survey as part of a national 
capacity variance (NCV) to provide for a variance from compliance with the LDRs. FMC 
surveyed more than 160 RCRA treatment, storage, and disposal (TSD) vendors, including 
disposal, wastewater treatment, and incineration facilities. In general, the TSD facilities that were 
surveyed refused to accept waste from the FMC Pocatello plant for a number of reasons, 
including the volume of the waste, phosphine gas hazards, the possible presence of 
technologically enhanced naturally occurring radioactive material (TENORM), and the waste 
streams’ reactivity and/or ignitability. As determined by the NCV survey, only one facility could 
have accepted about 8% of the annual waste stream generated at that time. However, FMC 
indicated that even to take advantage of that off-site capacity, purchasing the required fleet of 
railcars and building and operating a waste-loading facility for off-site transport would be cost 
prohibitive (FMC 1996). 
 
 However, the waste profile of the former FMC plant and the volume of waste that 
requires treatment have changed since that NCV survey was prepared. The manufacturing of 
P4 no longer occurs, so process waste streams are no longer generated. For example, only 
remediation waste streams would be created if the historical ponds were to be remediated. Under 
a remediation-only program, some remediation residuals might remain on site for reclamation or 
treatment, and only some residuals might need to be diverted to an off-site TSD facility for 
subsequent treatment and disposal. In addition, since the NCV survey was performed, the 
universe of TSD facilities has changed, permitting requirements for some TSDs might have 
changed, and WAC might have changed. 
 
 In referring to the incineration of P4-containing residuals from a clarifier at the Solvay 
Plant in Butte, Montana, Franklin Engineering Group (2007) noted that “fully mature 
commercial technology with competitive pricing is available.” (In this case, the incinerator 
described was a rotary kiln incinerator, and the waste feed system would involve P4 that is 
containerized in drums.) For example, treatment of white-phosphorus-containing waste from the 
remediation of Open Demolition Area #2 at the Ravenna Army Ammunition Plant (RAAP) in 
Ravenna, Ohio, involved containerizing the waste intended for shipment to an off-site 
incinerator. According to the waste management plan, approximately 1,000 drums containing 
white-phosphorus-contaminated soil and debris were managed by topping the drums with water 
to maintain saturation and then shipping the waste from RAAP to the Veolia incineration facility 
in Sauget, Illinois. Pure or bulk white-phosphorus waste was managed in 30-gal drums, while 
white-phosphorus-contaminated soil and debris were managed in 55-gal drums (USACE 2011). 
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According to a Right-to-Know Network 2014 reporting summary, about 172 tons of reactive 
waste (most of which was assumed to be the waste generated from remediating white-
phosphorus-contaminated soil) was shipped from RAAP to the Veolia facility in 2011.  
 
 



5.3.7.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 FMC has acknowledged that incineration technology is potentially applicable to small 
volumes of P4 waste (MWH 2009). The applicability of this ETT to the large volume of 
P4 waste present at the site depends on (1) waste acceptance by the off-site incinerator at an 
off-site TSD facility and (2) the feasibility of transporting waste residuals off site. Performing a 
waste acceptance survey is outside the scope of this independent review. As indicated in the Case 
by Case Extension discussed in Section 5.3.7.1, the presence of NORM in the waste stream has, 
in the past, precluded some off-site facilities from accepting P4 waste. The Review Team has not 
determined if the NORM content would be an issue for off-site incinerators at the present time. 
However, the NORM content of the P4 waste may add to the complexity and cost for the 
treatment of P4 waste and the off-site disposal of incinerator residuals. It is unknown whether 
waste residuals generated as part of a historical pond remediation program might now be 
acceptable at an off-site TSD facility. Also unknown is the volume of waste that could be 
accepted by any TSD facility that can accept P4-containing waste. However, as noted in 
Section 5.3.7.1, there are commercial incinerators that can accept P4-containing waste. Given the 
fact that pure P4 has been transported off site by rail in the past, it is feasible that waste residuals 
containing P4 could be loaded and transported to an off-site TSD facility by rail. 
 
 



5.3.7.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-18. 
 
 



5.3.7.4 Overall Likelihood of Success at FMC 
 
 This technology would involve process steps at FMC, the transportation of P4 waste to a 
destination TSD facility via road or rail corridors, incineration at the destination TSD facility, 
and finally the disposal of the waste residuals. Ancillary technologies would probably be capable 
of excavating P4 waste from the FMC site. Excavated waste could be placed in containers and 
covered with a water layer relatively easily; this was demonstrated when soil and debris were 
shipped to the Zimpro facility for treatability studies. However, an extraordinary number of 
drums would be required, and the amount of truck traffic required to transport the drums could 
be a nuisance and would represent a risk of transportation accidents. It would be more 
expeditious to use a bulk-to-bulk handling process for the soil and debris by transporting the 
excavated soil and debris by railcar. This ETT would probably not succeed at FMC, except with 
regard to treating a small subset of the P4 waste at the site. 
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TABLE 5-18 Assessment of Off-Site TSD Facility Based on ETT Review Parameters 



 
Review Parameter Off-Site TSD Facility 



 
Process maturity 



 
Mature. Off-site TSD facilities already exist. 



Limitations • The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• Not all P4 waste is accessible by the excavation technology. 
• A TSD facility that will accept the waste needs to be identified. 
• A dedicated fleet of railcars suitable for transporting a 



U.S. Department of Transportation flammable solid might be 
required, and a railcar loading and unloading facility might need 
to be built. 



• Risks might be created from transporting hazardous waste in 
containers by truck or by rail. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



The time needed to plan for ancillary technology and excavation 
support and constructing waste loading systems is estimated to be 
1 year. The time needed to excavate and off-load waste at the site is 
estimated to be more than 10 years. 



Effectiveness of removing and/or treating 
P4 on site 



Off-site TSD facilities probably have a series of treatment units that 
could treat P4, including rotary kiln-type incinerators with associated 
air pollution control equipment and incinerator waste solids residual 
handling. 



Process safety for site workers during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. The risk associated with ancillary technologies used for 
storage before off-site transport could be mitigated.  



Community health and safety during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. Community health and safety could be affected by truck or rail 
transit of a hazardous material. 



Impacts to the environment during 
implementation 



The parameter discussion for the excavation technology in Section 5.2 
applies. With regard to loading railcars, impacts on the environment 
would be comparable to the impacts that occurred when the plant was 
operating. 



Post-implementation impacts on the 
environment and the community 



The parameter discussion for the excavation technology in Section 5.2 
applies. P4-associated risks from historical pond residuals (residuals 
located near the surface) would be removed. The remediated historical 
pond footprint could be reused.  



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The parameter discussion for the excavation technology in 



Section 5.2 applies. 
• The process is mature. 
• Reclaimed land could be reused.  
• There would be zero emissions since treatment would occur 



in an off-site TSD facility. 
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TABLE 5-18 (Cont.)  



 
Review Parameter Off-Site TSD Facility 



 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• It might be difficult to find a TSD facility that would dedicate 
the needed process capacity to excavated waste. 



• The parameter discussion for the excavation technology in 
Section 5.2 applies. 



• It might be difficult to get regulatory and public acceptance at 
the waste generation point (FMC Pocatello) and at the state 
hosting the off-site TSD facility. 



• After initial treatment, additional treatment might be required 
to meet WAC at off-site disposal facilities. Both the initial 
treatment facility and any final off-site disposal facility may 
have to accept waste containing NORM. The NORM content 
of the waste may add to the complexity and cost. 



• Transport by containers in trucks would be prohibitively 
expensive and create risks associated with truck transit on 
roads. 



• Transit by rail would also involve some transport risk and 
might require a dedicated fleet of railcars and the construction 
and/or modification of loading and off-loading capability. 



• This ETT would likely exceed the $81.6 million NPV cost for 
Soil Alternative 4, the most expensive soil alternative 
evaluated in the Supplemental FS (MWH 2010). 



 
 
5.4 EX SITU DISPOSAL TECHNOLOGIES 
 
 
5.4.1 On-Site Disposal 
 
 



5.4.1.1 Description 
 
 One option that could be applied to the FMC site is on-site disposal. The remediation 
plan presented in the 2012 IRODA proposes a system of caps and covers, with institutional 
controls and gas and groundwater monitoring, for the FMC site. Specifically, the IRODA calls 
for installing a protective cap. The purpose of the cap would be to provide a barrier to underlying 
contamination and to prevent water from moving through the contamination and polluting the 
groundwater. The cap in this case would be placed over existing soil and debris in an untreated 
form. With use of this option, P4 would remain as it is; it would retain its ignitable and reactive 
characteristics. The soil and debris would also continue to contain underlying hazardous 
constituents, specifically heavy metals, and some portion of these soils and debris could be 
defined as NORM. The cap would minimize infiltration of water and therefore minimize the 
leaching of P4, heavy metals, and radionuclides into the subsurface. 
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 These types of “disposal-in-place” remedies have been applied at numerous RCRA and 
CERCLA sites across the United States in the last 30 years. They have been shown to be 
effective in reducing risks to human health and the environment, mostly because the exposure 
pathway is minimized or eliminated altogether. However, only rarely have these types of 
remedies been approved of for soil and debris that are reactive and ignitable, such as P4. These 
types of remedial options (i.e., on-site disposal options) are not presented in this document for 
soils and debris containing P4 above the cleanup level of 23 mg/kg. However, on-site disposal of 
residuals that remain after P4 has been removed to acceptable levels by treatment is examined 
herein. 
 
 Several different disposal options are available. For example, Solvay is proposing to 
manage the residuals left over after operation of the mud still, along with materials from some of 
the other solid waste management units on site, in a CAMU (Barr 2014). CAMUs allow for the 
management of remediation soil and debris in land-based units without having to meet LDRs and 
potentially other RCRA requirements (e.g., liners, leachate collection systems), as long as it can 
be demonstrated that the CAMU will be protective of human health and the environment. 
 
 For CERCLA sites, such as FMC, the RCRA CAMU option for management of residuals 
can be brought in via the CERCLA ARAR process. CERCLA remedial options, however, can 
include the placement of remediation soil and debris that do not meet RCRA LDRs into CAMU-
like, land-based disposal units. Consideration of a RCRA CAMU for FMC through the CERCLA 
ARAR process is therefore not necessary, but the concept is the same. 
 
 Regardless of whether a RCRA CAMU or a CERCLA on-site land disposal remedy is 
considered for residuals left over after some form of active P4 treatment, this option is very 
attractive simply because of the tremendous volume of treated residuals that would be generated 
at the FMC site were these materials instead subject to active treatment to meet LDRs. For 
example, via a solidification-type process, the volume of treated material that would be created 
would be excessively large. This is assumed by considering that cement or cement-like 
pozzolanic materials would be added to the soil and debris requiring treatment, increasing its 
volume significantly. 
 
 



5.4.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 Disposal of treated waste and soils and debris that have been treated to remove P4 in an 
on-site CAMU or CERCLA on-site land disposal unit is applicable to FMC. Considering the 
amount of P4 that would have to be removed, along with the threat of its ignitability and 
reactivity, the primary remaining concern with regard to the FMC site is heavy metal and NORM 
contamination. While stabilization could be used to reduce metal and radionuclide leachability, 
this option would be very costly and would produce a very large amount of material that would 
still need to be disposed of. The same outcome could be accomplished with a CAMU or a 
CERCLA remedy that included a cap designed to minimize permeability. No bench-scale or 
pilot-scale studies would be warranted. 
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5.4.1.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-19. 
 
 



5.4.1.4 Overall Likelihood of Success at FMC 
 
 Disposal of treated waste and soils and debris that have been treated to remove P4 in an 
on-site CAMU or CERCLA on-site land disposal unit at FMC has a very high likelihood of 
success. Considering the amount of P4 that would have to be removed, along with the threat of 
its ignitability and reactivity, the primary remaining concern for the FMC site would be heavy 
metal and NORM contamination. A well-designed land disposal unit with an engineered cap that 
minimized permeability would be protective of human health and the environment as long as the 
cap was adequately maintained.  
 
 
5.4.2 Off-Site Disposal 
 
 



5.4.2.1 Description 
 
 Unlike on-site disposal, which for this analysis is limited to waste and soil and debris 
from which P4 has been removed or treated down to an acceptable level, off-site disposal is 
considered here for the full range of waste and soil and debris that contain P4 above levels of 
concern. This represents a very large amount of waste and soil and debris for which it would take 
thousands, if not hundreds of thousands, of truck loads or railcars to remove. It would also be 
difficult, if not impossible, to find an off-site permitted RCRA disposal facility that would accept 
this amount of waste. More likely, a new RCRA-permitted facility would need to be established 
to accept the waste, because the amount involved could overwhelm a typical land disposal 
facility. 
 
 Such a facility could be overwhelmed not only because of the huge volume of material 
but also because if the waste and P4-contaminated soil and debris were moved off-site, the 
receiving facility would need to ensure that RCRA LDRs were achieved not just for the 
P4 materials but also for the heavy metals as well. Furthermore, the presence of radionuclides 
and potential NORM classification might make the acceptance of all the P4 waste problematic. 
Alternatively, P4 waste could be treated at the FMC site and then transported to an off-site 
location. Treatment could include addressing RCRA LDRs. However, the receiving facility 
would need to be permitted to accept the treated P4-contaminated soil and debris, and the 
regulator in the receiving state would need to approve the facility. In addition, the local public 
would need to be agreeable to having such a facility nearby; otherwise, there could be years of 
delays during the facility permitting process. 
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TABLE 5-19 Assessment of On-Site Disposal in a CERCLA Landfill Based on ETT Review 
Parameters 



Review Parameter 



 
On-Site Disposal in CERCLA Landfill 



(equivalent to a RCRA CAMU) 
 
Process maturity 



 
• Full-scale maturity. 
• Securing a CERCLA on-site disposal remedy is a common 



remedial approach. 
Limitations • There are no known impediments. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



• Landfilling of residuals after P4 has been removed might be able 
to begin immediately upon regulatory approval. 



• The time needed for implementation would depend on the total 
amount of contaminated media. 



Effectiveness of removing and/or treating 
P4 on site 



CERCLA on-site disposal would minimize further migration of 
contaminants from the site, but it would neither remove nor treat any 
low-level P4 remaining in the soil or media. 



Process safety for site workers during 
implementation 



The process safety risks for CERCLA on-site disposal would be 
related to the residuals from which P4 could not be readily recovered, 
and they would be similar to the risks from typical hazardous waste 
landfill operations. Risks would be considered moderate to high. 
Appropriate engineering controls and PPE would bring worker risks to 
acceptable levels. 



Community health and safety during 
implementation 



• The process health risks for CERCLA on-site disposal would be 
related to residuals from which P4 could not be readily recovered, 
and they would be similar to the risks from typical hazardous 
waste landfill operations. Risks would be considered low to 
moderate. 



• Appropriate engineering controls (e.g., dust suppression, daily 
cover) would bring the community risk to acceptable levels. 



Impacts to the environment during 
implementation 



A properly constructed CERCLA on-site disposal remedy that would 
meet the design criteria for residuals from which P4 could not be 
readily recovered would have minimal impacts on the soil, surface 
water, and groundwater. 



Post-implementation impacts on the 
environment and the community 



• Assuming that all residuals from which P4 has been removed to 
acceptable levels were placed in the CERCLA on-site disposal 
unit, post-implementation impacts would be minimal. 



• Institutional controls would address potential impacts on the 
environment and community. 



Overall discussion of advantages and 
disadvantages 



The advantages would be as follows: 
• This option could be applied only to P4 residuals that could 



not be readily recovered. 
• It is a proven technology. 
• It has a simple design and is easily understood. 
• It is anticipated that public approval would be favorable. 
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TABLE 5-19 (Cont.) 



Review Parameter 



 
On-Site Disposal in CERCLA Landfill 



(equivalent to a RCRA CAMU) 
 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• Sorting materials before implementing the on-site CERCLA 
disposal remedy could result in worker and environmental 
exposure. 



• A large volume of material might need to be landfilled. 
• It would require siting on an appropriate portion of FMC 



property. 
• Its cost would be high relative to the cost of cap and cover 



options. 



 
 



5.4.2.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 From a technology perspective, off-site disposal is applicable for FMC. However, if the 
waste and soil and debris were sent off site, RCRA LDRs would have to be satisfied. The 
receiving facility would need to treat the FMC waste and soil and debris to remove P4 to the 
point where the waste and soil and debris no longer exhibited the characteristics of ignitability 
and reactivity. UCs (primarily heavy metals) would need to be addressed as well. Here, 
stabilization would be the most appropriate technology. Once the P4 and heavy metals were 
addressed, the waste, soil, and debris would no longer be considered hazardous waste and would 
be considered nonhazardous. The waste, soil, and debris could be disposed of as nonhazardous 
solid waste, but there would be other options too, including potential reuse as fill material. 
Bench-scale and pilot-scale studies of the off-site disposal alternative might be useful, 
particularly if the means of addressing P4 and heavy metals would involve a new or innovative 
treatment technology. 
 
 



5.4.2.3 Assessment Based on Review and Evaluation Parameters 
 



The evaluation results are shown in Table 5-20. 
 
 



5.4.2.4 Overall Likelihood of Success at FMC 
 
 Although the off-site disposal approach is applicable to FMC soil and debris, it is 
unlikely to be considered. The cost of sending all contaminated FMC soil and debris off site 
would be considerably higher than the cost of any on-site alternative. This off-site disposal 
approach might succeed for a small subset of the P4 waste after it has been treated. 
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TABLE 5-20 Assessment of Off-Site Disposal Based on ETT Review Parameters 



 
Review Parameter Off-Site Treatment/Disposal 



 
Process maturity 



 
Full-scale maturity. Sending P4 materials off site would require the 
same safeguards as those applied to the product.  



Limitations • There would be a large number of shipments of waste soil and 
debris via truck or rail over potentially many years. 



• The NPV estimate for Alternatives 5 through 7 in the September 
2010 Proposed Plan would be a comparable OOM estimate to 
implement this ETT in conjunction with an excavation and 
treatment ETT. 



Time to implement (not including 
permitting and approvals) 



• Off-site shipments could begin immediately upon regulatory 
approval. 



• The time needed for implementation would depend on the total 
amount of soil and debris that needed to be shipped off site.  



• There would be a large number of shipments of waste soil and 
debris via truck or rail over potentially many years. 



Effectiveness of removing and/or treating 
P4 on site 



The removal of soil and debris would take years but would be 
effective. 



Process safety for site workers during 
implementation 



• The process safety risks to workers from off-site shipments 
would be similar to those from a typical hazardous waste 
transport operation.  



• The risks would be considered moderate to high. 
Community health and safety during 
implementation 



The process safety risk for community health and safety from off-site 
shipments would be similar to those from a typical hazardous waste 
transport operation. The risks would be considered moderate. 



Impacts to the environment during 
implementation 



The removal of soil and debris would take years but would be 
effective, with a minimal impact on the environment. 



Post-implementation impacts on the 
environment and the community 



Assuming that all P4-contaminated materials above established levels 
were sent off site, post-implementation impacts would be minimal. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• The technology could be applied to all P4 residuals at 



concentrations above established cleanup levels. 
• It has a simple design and is easily understood. 
• It is anticipated that public approval at the FMC site would 



be favorable. 
 
The disadvantages are as follows: 



• A large volume of material might need to be sent off site, 
which could take many years. 



• Public approval at the receiving site might be problematic. 
• The cost of transporting treated P4 waste to an off-site 



disposal facility would be high relative to the cost of on-site 
disposal of treated P4 waste. 
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5.5 Abandoned Railcars and Underground Piping 
 
 
5.5.1 Underground Piping 
 
 



5.5.1.1 Description 
 
 Residuals containing P4 are likely to be present in both process-related and stormwater-
related underground pipes located at the FMC OU (Figure 5-15). As reported in the 
Supplemental FS (MWH 2010), underground piping may contain residual P4. These 
underground process pipes and stormwater lines are present in RUs 1, 2, 3, 8, 12, 13, 22b, and 
24. The process-related piping is constructed of mild steel. The 16-in. stormwater piping in RU 1 
and RU 3 is constructed of concrete (MWH 2010). The stormwater piping was cleaned out in the 
spring of 2015, and it still might be in the process of being cleaned out via the use of in-line 
hydraulic flushing methods (FMC Idaho 2015; also see Shoshone-Bannock Tribes’ Responses to 
Argonne’s Questions and Comments on FMC’s Responses of June 2015 [Appendix F]). The 
amount of waste present in the underground pipeline was summarized in Table 2-1. 
 
 Pipelines and sumps that could have been used to handle P4 are summarized in 
Table 5-21. Also summarized in the table are the RUs where the pipelines are located, the 
purposes of the pipelines, the sizes and minimum and maximum depths of the pipelines, the 
materials of construction, and whether or not the pipeline was abandoned in place. In addition to 
the pipelines summarized in Table 5-21, there are other pipelines associated with closed RCRA 
ponds that might contain P4 or P4 by-products. 
 
 A waste management scenario somewhat similar to the one in which there is the presence 
of a very hazardous waste (P4-containing residuals) within underground pipelines can be found 
at the U.S. Department of Energy’s Hanford Reservation. At the Hanford Reservation, there are 
7 to 8 miles of pipelines in Waste Management Area (WMA) C that contain about 1,200 gal of 
radioactive waste. Closure options being considered for the WMA included removing the 
contents of the pipelines by hydraulic pigging, grouting the pipelines in place, or abandoning the 
pipelines in place should WMA C be closed as a landfill. A number of the technologies 
considered for the Hanford Reservation could potentially be used at the FMC site (Badden et al. 
2013). These technologies that could be used to address the remaining underground piping 
include both ex situ and in situ closure ETTs. 
 
 Ex situ excavation could proceed, as discussed in Section 5.1. Portions of pipelines could 
be flooded, either through the pipeline or external to the pipeline. Pipeline removal could 
proceed in segments. Conventional excavation techniques could then be used to access the 
flooded pipeline. Sectionalized portions of the pipeline could be placed in a water bath at the 
ground surface in preparation for subsequent handling. Subsequent handling could include 
treating sections in an on-site incinerator, for example. Alternatively, excavation could proceed 
as discussed in Section 5.3.2, with the excavation process encapsulated in a mobile instant 
structure (a sprung instant structure or similar structure), with the pressure/air controlled by using  
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FIGURE 5-15 RUs Identified as Containing Underground Piping, Sumps, and Structures (Source: FMC 2009)  
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TABLE 5-21 Pipes with Possible Deposits of P4 and Phossy Solids (mixture of P4 and “dirt”) 



RU ID Utility Size (in.) 



 
Min. 



Depth 
(ft bgs)



Max. 
Depth 
(ft bgs) Material Status 



        
1 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
1 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
1 42 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
1 43 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
1 53 Phossy water 18 8 10 Carbon steel Abandoned in place 
1 54 Storm drain 16 5 8 Reinforced concrete In use – site drainage 
1 66 Storm drain 10 3 5 Carbon steel Abandoned in place 
1 S1 Phossy water sump 1,000 gal 6 8 Stainless steel Pumped, deconned, and abandoned in place 
1 S2 Furnace Building P4 storage sumps Varies 6 8 Reinforced concrete Lining removed, deconned, backfilled with silica
1 S3 Phos dock sumps Varies 10 12 Reinforced concrete Lining removed, deconned, backfilled with silica
1 S4 Secondary condenser area phos sump Varies ? ? Stainless steel Lining removed, deconned, backfilled with silica
2 23 Phossy water 6 2 3 Carbon steel Abandoned in place 
2 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
2 25 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 66 Storm drain from kiln building to slag pit 10 3 5 Carbon steel Abandoned in place 
2 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
2 70 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
2 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
2 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
2 83 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
2 84 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
3 42 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 43 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 54 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
3 F36 P4 decon building foundation NAa 0 5 Reinforced concrete Deconned, backfilled with silica 
4 90 Storm drain 15 5 8 Reinforced concrete In use – site drainage 
8 66 Storm drain from kiln building to slag pit 10 3 5 Carbon steel Abandoned in place 
8 68 Calciner CO lines 14 3 5 Carbon steel Abandoned in place 



12 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
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TABLE 5-21 (Cont.) 



RU ID Utility Size (in.) 



 
Min. 



Depth 
(ft bgs)



Max. 
Depth 
(ft bgs) Material Status 



        
12 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
12 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
12 78 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
12 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
12 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
12 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
12 83 Slag pit dewatering  6 2 4 Carbon steel Abandoned in place 
12 84 Slag pit dewatering  6 2 4 Carbon steel Abandoned in place 
22b 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
22b 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
22b 23 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
22b 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
22b 25 Slag pit dewatering  6 2 3 Carbon steel Abandoned in place 
22b 27 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 20 Precipitator slurry 6 2 3 Carbon steel Abandoned in place 
24 21 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 23 Phossy water 6 2 3 Carbon steel Abandoned in place 
24 24 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
24 25 Phossy water  4 2 3 Carbon steel Abandoned in place 
24 69 P4 recovery line 3 2 3 Carbon steel Abandoned in place 
24 70 Phossy water 4 2 3 Carbon steel Abandoned in place 
24 78 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
24 79 Phossy water 4 2 3 Carbon steel Abandoned in place 
24 80 Precipitator slurry 3 2 3 Carbon steel Abandoned in place 
24 81 Precipitator slurry 4 2 3 Carbon steel Abandoned in place 
24 90 Storm drain 15 5 8 Reinforced concrete In use – site drainage 



 
a NA = not applicable. 



Source: FMC (2009); Table 4-51. 
 











 



113 



remotely controlled excavating equipment, a high-vacuum soil extraction system (GuzzlerTM),3 
or a system similar to that used to excavate radiologically contaminated soil at the Hanford 
Reservation in Washington State (Badden and Seely 2010). 
 
 In situ pipeline residual extraction could be done by using a flushing approach similar to 
one used on concrete storm sewers and/or pipeline pigging involving a utility pig, such as a 
brush, scraper, or hydraulically activated pipeline pig (Stoltze 2007). A combined approach 
involving in situ inspection and pipeline content removal might be applicable to FMC. Pigging 
involves the insertion of devices for cleaning or inspecting pipelines. Pigs can be retrofitted with 
video cameras (with an illumination or infrared source), flammable gas sensors, chemical 
sensors, field-portable analytical systems, and/or remotely operated sampling equipment. 
Devices can be inserted via drains, valves, diversion boxes, manholes, flanges, etc. Pigging can 
be limited by the configuration of pipelines, since pigs are typically tethered or self-propelled 
and work best in straight sections of pipelines. In particular, hydraulically activated pipeline 
pigging (HAPPTM) or similar pigs could be used to both inspect and clean out pipelines with 
structural integrity, assuming the cleaning action could remove any solidified P4-containing 
residuals. The HAPP approach is somewhat similar to the approach already being used to clean 
out the storm sewers at the site. Basically, hydraulically activated cleaning jets could be used to 
clean interior pipeline surfaces. However, process pipelines could contain pure or relatively pure 
P4, which would make the HAPP of process pipelines different than cleaning out the storm 
sewers that contained dilute P4-containing soil and debris. 
 
 Pigging was not considered a viable technology for the Hanford Reservation 
contamination scenario discussed above because (1) hydraulic pigging would require the 
introduction of significant volumes of water under pressure to both activate and move the pig 
and (2) the selected remedial alternative at the Hanford Reservation involved abandoning the 
pipelines in place. However, at the FMC site, the introduction of water would be necessary in 
order to address the hazards associated with P4 within a given pipeline. Water and pipeline 
residuals generated during pipeline cleaning could be treated by using the 
P4-deactivating/recovery/disposal method selected to address other P4-containing soil and debris 
at the site. 
 
 



5.5.1.2 Applicability to FMC and Value of Bench-Scale and Pilot-Scale Studies 
 
 A combination of an in situ approach and an ex situ approach might be required to 
remove underground piping at the former FMC plant. In situ approaches might offer the best 
option from a worker safety standpoint, since air emissions could be controlled with engineering 
controls. However, for cases in which pipelines have collapsed or where P4-containing residuals 
have solidified and cannot be moved by cleaning, an ex situ approach might be needed. Ex situ 
approaches would have applicability similar to that described in the excavation discussion in 
Section 5.2. Sloping, benching, and laybacks might not be the best approach for pipeline 



                                                 
3 GuzzlerTM is a vacuum-based system used to selectively remove soil/waste after it has been broken up by a high-



pressure water stream. Guzzler is a registered trademark of Guzzler Manufacturing, Inc., Streator, Illinois (Badden 
and Seely 2010). 
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removal. Shoring might be the best approach for removing a linear feature like a pipeline, and it 
would limit the amount of soil requiring excavation. Workers would have to be protected from 
cave-ins as well as from the hazards associated with P4. Protective systems for excavations 
would have to meet the requirements found in 29 CFR 1926.652 (Part 1926, “Safety Regulations 
for Construction,” Subpart P, “Excavations”). Excavations deeper than 20 ft would have to be 
designed by a registered professional engineer. 
 
 Should an ex situ approach involving pipeline excavation and removal be used, the 
presence of pure, or relatively pure, P4 in some pipelines would necessitate extraordinary 
preparations and could involve approaches that address water flooding and involve isolating 
sections of pipelines before removal. Pilot-scale studies, including studies on the removal of 
representative (in terms of materials of construction, depth, linearity, etc.) sections of piping, 
used with ex situ approaches would probably be needed to determine the viability of the ex situ 
removal of piping. 
 
 Pilot-scale in situ studies, including the use of pigging (HAPP or similar methods) on 
sections of piping representative of different construction materials, diameters, configurations, 
pig entrance and egress points, etc. would probably be needed to determine the viability of 
pigging technology. Furthermore, pilot-scale testing on a section of piping would also be needed 
to establish the best techniques for recovering pipeline residuals that were mobilized by the 
hydraulic action of the pig. 
 
 



5.5.1.3 Assessment Based on Review and Evaluation Parameters 
 
 The evaluation results are shown in Table 5-22. 
 
 



5.5.1.4 Overall Likelihood of Success at FMC 
 
 It appears that a combination of in situ and ex situ approaches could succeed at the 
FMC OU. 
 
 
5.5.2 Abandoned Railroad Tank Cars 
 
 



5.5.2.1 Description 
 
 Twenty-one railroad tank cars are present in RU 19c, which is about 2.7 acres in size and 
is located in the center of the slag pile (RU 19). The railcars were placed at the then-southern 
edge of the slag pile in 1964 and were covered with native soil. The amount and purity of the 
P4 sludge present in the railcars are uncertain. As reported in Appendix B of the Supplemental 
FS, the sludge was nearly pure (95% P4), and the capacity of the railcars was 10% to 25%. Here 
is language from Appendix B of the Supplemental FS:  
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TABLE 5-22 Assessment of Underground Pipeline Cleaning Technologies Based on ETT Review 
Parameters 



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Process maturity 



 
In situ technologies for the inspection and removal of pipeline contents 
are fully mature. Ex situ technologies for the removal of pipeline and 
pipeline P4 content are not mature. 



Limitations • In situ technologies would be limited by pipeline sections that 
have failed structurally or by plugs of process waste that could not 
be removed. In situ technologies might also be limited by pipeline 
configurations and turns, valves, and sumps present in the 
pipeline.  



• Pipelines would have to be filled with water, or the pipeline 
transect would have to be flooded in order to remove pipelines 
with ex situ technologies.  



• Whether methods were performed in situ or ex situ, pipes would 
have to be decontaminated, and waste residuals would have to be 
treated/recovered. 



Time to implement (not including 
permitting and approvals) 



Estimated time is 1 year for planning. Estimated time is 3 years for 
operations. 



Effectiveness of removing and/or treating 
P4 on site 



In situ technologies used in intact pipelines would probably be 
effective at removing P4 from the pipelines. Ex situ pipeline removal 
would require process steps for crimping and cutting pipeline sections, 
placing pipeline sections in a water bath, and then removing P4 from 
and decontaminating the pipelines. 



Process safety for site workers during 
implementation 



• Process safety for site workers during implementation of in situ 
technologies could be managed with engineering controls and 
PPE.  



• Worker safety for ex situ technologies could also be managed with 
engineering controls and PPE, but process steps would have to be 
rigorously planned and evaluated because of potential unknown 
factors. 



Community health and safety during 
implementation 



The risk to community health and safety could be mitigated by well-
planned and executed actions. 



Impacts to the environment during 
implementation 



Ex situ technologies could result in impacts as described for the 
excavation technologies in Section 5.2. In situ approaches should result 
in minimal impacts on the environment. 



Post-implementation impacts on the 
environment and the community 



There should be few or no impacts on the environment and community 
after implementation. 



Overall discussion of advantages and 
disadvantages 



The advantages are as follows: 
• In situ technologies were successfully applied in the storm 



drain pipelines and should function for the other pipelines. 
• In situ technologies offer the potential to control emissions to 



air and to help capture any decontamination fluids. 
• In situ technologies could be used to remove plugs of P4 



product in a relatively controlled environment. 
• Ex situ technologies could be used to address collapsed 



pipelines or plugs that could not be otherwise removed by 
using in situ technologies. 
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TABLE 5-22 (Cont.)  



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Overall discussion of advantages and 
disadvantages (Cont.) 



 
The disadvantages are as follows: 



• Pipeline collapses or pipeline configurations could preclude 
the use of in situ technologies. 



• The chemical environment could damage in situ equipment. 
• Either in situ or ex situ technologies could require the use of 



large volumes of water. 



 
 



“1.3.3 Description of P4 Sludge Generation and Management 
P4 was typically very pure, white phosphorus. However, due to a number of process 
variables, ore, silica and/or coke dust, along with other condensables would pass through 
the electrostatic precipitator in trace amounts and end up with the liquid P4 product. 
These insolubles would rise to the top of the liquid P4 as it was stored in a liquid state 
and eventually concentrate to form what was referred to as P4 sludge. The sludge 
typically ranged from 75 to 95% P4. The P4 sludge was much more viscous and would 
not easily pump from the sumps and tanks. Therefore, over time P4 sludge would build 
up within the storage vessels and railcars.” 



 
And as reported in Section 2.2.2 of Appendix B: 
 



“2.2.2 Contents of the Railcars 
As described in Section 1.0, it is expected that the railcars contain about 10 to 25% of 
their total capacity as P4 sludge. However, it is not known if the railcars were filled with 
water or nitrogen prior to transportation to the slag pile area for burial.” 



 
Ironically, the information in Appendix B of the Supplemental FS conflicts with the information 
that summarizes the contents of the railcars in the main body of the same Supplemental FS 
report: The Supplemental FS reports in 2.3.3.4 Railroad Cars in Slag Pile (RU 19c) “that the 
railcars contain an estimated 10 to 25% P4 sludge.” Also included in the main body of the 
Supplemental FS is the following: “Summary of Pertinent SFS Information for RU 19c:  
 



• P4 concentrations of the sludge within the railcars range from 10 to 25%”  
 
It appears that the main text of the Supplemental FS transposed the percent capacity and percent 
purity.  
 
 Sludge resulted from both the manufacturing process and from shipping P4 in railcars. 
Given the high concentration of P4 in the sludge (concentrated to 25% or higher), efforts were 
expended to try to reclaim the P4 in the sludge by cleaning out the tank cars used for 
transshipment of P4 and feeding the sludge back into the furnace. Reportedly, P4 sludge was 
periodically removed from inside railcars used to ship P4 by using a combination of pumping, 
steam cleaning, and manual scraping and shoveling (MWH 2010).  
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 It appears that in addition to using railcars to ship P4 product, railcars may have also been 
used for staging or storing P4 sludge over an unspecified time frame. Thirty railcars were used 
for such storage. In the case of the tank cars used for storage, cleaning sometimes involved 
removing internal steam coils first and then cleaning the railcars. Cleaned cars were reportedly 
scrapped or sold intact. After what are described as “near-miss accidents” (and perhaps efforts 
expended cleaning nine railcars), nine railcars were cleaned and then scrapped. Twenty-one 
railcars were removed from their trucks (wheels) and disposed of in the slag pile (MWH 2010). 
 
 The capacity of a railcar is 15,000 gal. The total capacity of all railcars is 315,000 gal. 
The P4 sludge volume present in all of the railcars ranges from 31,500 to 78,750 gal. The mass 
of P4 present in the railcars has been estimated to range from 200 to 2,000 tons. After the railcars 
were placed at the edge of the slag pile, the railcars were covered with slag. Based on the known 
original native soil elevation, it has been estimated that the railcars have been buried beneath 
80 to 120 ft of slag. Slag overlying the railcars was removed during regrading operations in 
2015, so it is likely that the railcars are now buried beneath less than 80 ft of slag (Appendix C). 
The slag present in the RU and overlying the railcars is described as mostly uncrushed slag 
containing slag ranging in size from 1/4 in. to boulder size (MWH 2010).  
 
 The slag covering the railroad tank cars and the slag located throughout the FMC OU 
likely contains P4. As reported in the Shoshone-Bannock Tribes’ Comments on FMC’s May 18, 
2015, Responses to Argonne’s Questions of April 21, 2015, P4 material is contained in the slag 
material. Appendix C documents numerous USCs associated with the unplanned identification of 
P4 during slag movement. When P4 is uncovered, it is covered with sand and/or allowed to burn 
until P2O5 smoke is no longer visible, after which the reacted material is moved to a staging area 
(Appendix C).  
 



Figure 5-16 is a photograph of site visitors standing at or near the level of native soil 
(before the 2015 regrading operation). The railcars are buried beneath the slag pile on the right 
side of the photograph. Figure 5-17 is another photograph of the slag pile. Both Figures 5-16 and 
5-17 depict the ranges in particle size present in the slag pile. Note that some of the slag was 
deposited as a liquid, which flowed and then hardened while cooling. 
 
 



5.5.2.2 Applicability to FMC and the Value of Bench-Scale and Pilot-Scale Testing 
 
 Several of the ETTs already discussed in this document have the potential to address the 
P4 present in the abandoned railcars. However, the presence of such large quantities of 
potentially highly concentrated P4 in the 21 railcars (potentially 2,000 tons or 78,500 gal) creates 
a unique and risky hazardous materials cleanup challenge. Responding to this hazardous 
materials cleanup challenge requires additional information gathering, planning, and pilot-scale 
testing before implementing any ETT. 
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FIGURE 5-16 Site Visitors Standing at or Near the Level of Native Soil (Source: provided by 
Argonne) 
 
 
 At a minimum, a more refined CSM is needed, including a better or complete 
understanding of the location, configuration, and condition of the railcars. The conflict regarding 
the relative purity of the P4 present in the railcars (25% versus 95%) is another uncertainty that 
could be resolved if the abandoned railcar CSM is refined in the future. The assessment of the 
railcars should take full advantage of techniques like geospatial analysis using aerial 
photography and of environmental geophysics (including ground penetrating radar, seismic 
reflection, seismic refraction, two- and three-dimensional resistivity, and magnetics) to gain the 
understanding needed to plan how to address the P4 content of the railcars. Geophysical 
assessments should proceed iteratively as slag and soil layers are removed. Planning should 
integrate a number of in situ and ex situ ETTs already discussed. Planning should incorporate 
potentially first removing slag to gain access to the railcar disposal site with the intent to conduct 
any additional geophysics needed to refine the CSM and to prepare for opening a tank car in 
order to perform either bench- or pilot-scale studies or full-scale P4 removal.  
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FIGURE 5-17 Slag Pile (Source: provided by Argonne)  
 
 
 Slag removal could proceed using an ex situ excavation method, as described in 
Section 5.2. If a 3:1 slope would be required to safely gain access to the railcar disposal site, it 
has been estimated that more than 300,000 yd3 of slag would need to be removed (MWH 2010). 
Presumably, as USCs occur during slag excavation, exposed P4 could be allowed to react in 
open air or under a structure as described in Section 5.3.2. The P4 identified during slag removal 
could also be staged in a water-filled drop tank and then recovered by using the batch mud still 
described in Section 5.3.3.  
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 After slag is removed, the soil covering the railcars would need to be carefully removed 
to gain access to the railcars. Planning would need to address how to respond to a USC involving 
P4 that has leaked or that is continuing to leak from a railcar during the operation. Planning 
might also involve collecting additional soil samples adjacent to the buried railcars to determine 
whether or not leakage has occurred. Railcars with similar characteristics should then be grouped 
(as needed) for performing bench-scale and pilot-scale studies and for implementing an ETT.  
 
 Water present in the railcars would have to be removed and treated, potentially in the 
treatment system for the groundwater P&T system. An inert atmosphere could then be created in 
the test railcar(s) in preparation for an ETT. ETTs potentially applicable for the railroad tank cars 
include doing internal tank washing using high-pressure tank cleaning systems and/or using 
vegetable oil to solubilize and wash P4 sludge. A number of different internal tank cleaning 
technologies are available for railroad tank cars, bulk aboveground fuel storage tanks, and 
underground storage tanks. An example of a high-pressure tank cleaning system is manufactured 
by Holland Applied Technologies (http://www.hollandapt.com/static.asp?path=3586,10444). 
Any sludge mobilized by the cleaning system could be vacuumed from the railcar by using a 
Guzzler or similar vacuum technology. Other potentially applicable technologies include a sluice 
nozzle and robotic arm vacuum recovery system designed to remove high-level radioactive waste 
from tanks at the Hanford Reservation (http://www.osti.gov/scitech/servlets/purl/1011436-). 
Sludge removed from railcars would then need to be packaged and either treated on site in the 
ETT selected to treat other P4 waste or transferred from bulk to containers and shipped off site 
for incineration. 
 
 Tank cleaning systems are typically water-based. Given the poor solubility of P4 in 
water, another approach might be to substitute vegetable oil for water in the tank washing 
system. The solubility of P4 in oil was discussed for a potential in situ ETT (Section 5.1.2). An 
assessment of the feasibility of using vegetable oil as a solvent and/or using any one of numerous 
internal tank cleaning systems should be evaluated with bench- and pilot-scale testing. Bench- 
and pilot-scale testing can also provide useful information about the treatability of any P4 sludge 
that is extracted from the rail cars.  
 
 The results of the internal tank washing procedure can be used to determine whether or 
not the railcars can be filled with sand and abandoned in place, or whether the railcars need to be 
opened up to allow the manual removal of P4 sludge by using the techniques developed by FMC 
for the routine maintenance of railcars. There is also some precedent for the manual removal of 
P4 from tanks, as referenced on the Chiresa website (Chiresa AG 2008). The step-by-step 
requirements for such an ETT have been discussed generally in the Supplemental FS 
(MWH 2010). 
 
 



5.5.2.3 Assessment Based on Review Parameters 
 
 An assessment of the suggested ETTs for the abandoned railcars is included in 
Table 5-23. 
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TABLE 5-23 Assessment of Abandoned Railcar Technologies Based on ETT Review Parameters 



 
Review Parameter Abandoned Railcar ETTs 



 
Process maturity 



 
• Ex situ technologies for the removal of slag are mature. 
• Practices for handling USCs are mature.  
• Recovery of any mined P4 from slag in a mud still is mature.  
• Remotely operated internal tank cleaning technologies are mature, 



but not for the removal of P4 sludge.  
• The efficacy of using vegetable oil for P4 sludge removal is 



unknown.  
• Manual cleaning of railcars is mature.  



Limitations Slag removal coupled with exposing the abandoned railcar disposal 
site could result in uncontrollable emissions. Worker health and safety 
risks would be significant. However, the railcars could be cut open 
rather than being cleaned out using confined space entry requirements.  



Time to implement (not including 
permitting and approvals) 



Estimated time is 1 year for refining the CSM and planning the 
operation. Estimated time is 1 year for pilot-scale studies. Estimated 
time is 3 years for operations. 



Effectiveness of removing and/or treating 
P4 on site 



• Ex situ excavation technologies would be effective in exposing 
and handling P4 USCs during slag removal. The effectiveness of 
removal P4 sludge using remotely operated equipment is 
unknown.  



• Past practices suggest that manual cleaning of the railroad tank 
cars was effective. P4 sludge could be containerized and treated 
off site in an incinerator. 



Process safety for site workers during 
implementation 



• Process safety for site workers during slag removal and during 
manual entry of railcars could be managed with engineering 
controls and PPE.  



• Worker safety for the performance of remotely operated internal 
tank cleaning technologies could also be managed with 
engineering controls and PPE, but process steps would have to be 
rigorously planned and evaluated because of potential unknown 
factors. 



Community health and safety during 
implementation 



The risk to community health and safety could be mitigated by well 
planned and executed actions. 



Impacts on the environment during 
implementation 



Ex situ excavation technologies could result in impacts as described for 
the excavation technologies in Section 5.2. If the railcars lack integrity 
and have leaked P4 into the environment, exposing the railcar disposal 
site could result in significant emissions to the environment.  



Post-implementation impacts on the 
environment and the community 



There should be little or no impact on the environment and community 
after implementation. 
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TABLE 5-23 (Cont.) 



 
Review Parameter Underground Pipeline Cleaning Technologies 



 
Overall discussion of advantages and 
disadvantages 



 
The advantages are as follows: 



• Slag removal has been successfully applied already. Methods 
to address P4 releases during USCs have been developed. 



• Remotely operated in situ tank technologies offer the 
potential to control emissions to air, minimize site worker 
risks and to help capture any sludge decontamination fluids.  



• Past practices can be used to manually clean railcars that 
cannot be completely remediated using internal tank cleaning 
technologies.  



 
The disadvantages are as follows: 



• Removing 120 ft of slag and exposing the railroad car 
disposal site could disturb or damage the railcars, causing the 
release of P4 and uncontrolled air emissions.  



• Additional refinement of the CSM and the performance of 
needed bench-scale and pilot-scale tests could take several 
years.  



• Remotely operated tank cleaning equipment or the manual 
entry and cleaning of the railroad tank cars could represent a 
significant site worker risk.  



• High-pressure water jets could damage the integrity of the 
60+-year-old railroad tank cars.  



 
 



5.5.2.4 Overall Likelihood of Success 
 
 Uncertainties regarding the CSM, the condition of the railcars, and the results of needed 
bench-scale and pilot-scale testing make it difficult to predict whether or not the P4 sludge could 
be excavated and treated.  
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6 ASSESSMENT OF APPLICABLE EXCAVATION  
AND TREATMENT TECHNOLOGIES 



 
 
6.1 REPORTING MATRIX 
 
 The Review Team examined 18 potentially applicable ETTs for excavating and treating 
P4 waste at the FMC OU (Table 6-1). The technologies examined ranged in maturity from a 
theoretical or conceptual stage to real-world examples of treating P4 waste in full-scale systems. 
Recognizing that P4 waste is present at depths as great as 85 ft below ground surface, the Review 
Team investigated the efficacy of ETTs that could treat P4 in situ. The Review Team also 
investigated the efficacy of numerous ex situ technologies that could access P4 waste present 
within the reach of conventional excavation equipment or that could access P4 waste beyond the 
reach of conventional excavation equipment if operated in conjunction with shoring, sloping, 
benching, and laybacks. We examined ETTs that could be used to handle P4 waste on site and/or 
off site. The Review Team examined underground pipelines and the abandoned railcars 
separately. As discussed in the main text and reflected in Table 6-1, multiple specialized 
technologies would probably be required to address these relics (underground pipelines and 
abandoned rail cars) of the former FMC plant. Furthermore, as discussed in the main text, several 
of the ETTs examined and summarized in Table 6-1 would have to be operated either 
simultaneously or in series to address P4 waste.  
 
 
6.2 EVALUATIONS 
 
 In addition to a listing of the pipeline remediation technologies and technologies 
applicable to the abandoned railcars considered by the Review Team, Table 6-1 summarizes an 
evaluation of ETTs as specified in the Work Order (Appendix A). Information about whether 
bench- and pilot-scale studies have been performed, and whether full-scale versions of the ETTs 
have been used, is also summarized. Table 6-1 indicates sites where the ETT has been used, 
whether the ETT is applicable to the FMC site, and the ETTs that warrant further consideration.  
 
 
6.2.1 In situ Technologies 
 
 The in situ ETTs evaluated involved thermal treatment and recovery, solvent leaching, 
and oxidant leaching. In order to focus the primary treatment, recovery, or leaching action of the 
in situ ETT, a containment technology would need to be used along with the ETT chosen. 
However, there are more considerable uncertainties associated with applying these in situ ETTs 
than is the case for the examined ex situ ETTs. These uncertainties fall into two categories: 
uncertainties about the CSM and uncertainties about the in situ ETTs. 
 
 Conceptually, the in situ ETTs have some merit; in order to function, however, the in situ 
ETTs must target a mass of P4 in the subsurface. Due to worker health and safety issues, site 
investigators have strived to avoid collecting any samples that contain P4. As a result, the 
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TABLE 6-1 Excavation and Treatment Technology Report Matrix 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
In situ Thermal 
Treatment and 
Recovery 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 
 



Further 
consideration not 
warranted 



      
In situ Solvent 
Leaching and 
Recovery Using 
Benign Solvents 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
In situ Oxidant 
Leaching 



B&P-scale studies 
would be needed to 
determine viability 
of ETT 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
Containment 
Technologies  



Pilot-scale studies 
would be needed to 
determine viability 
of ETT 



Full-scale 
applications have 
been deployed (but 
not at P4 sites) 



No reference on use for 
P4 remediation found 



Applicability 
unknown 



Further 
consideration not 
warranted 



      
Mechanical 
Excavation 



Not required Full-scale 
applications have 
been deployed 



FMC, Idaho, 
Rhodia/Solvay, Silver 
Bow Montana (as 
related to the 
Supplemental FS) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Cutter Suction 
Dredging 



Not required Full-scale 
applications have 
been deployed 



Glenn Springs, 
Occidental Petroleum 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Thermal-Hydraulic 
Dredging  



Not required Full-scale 
applications have 
been deployed 



References found 
indicating use to 
manage wastewater 
treatment at a unnamed 
production facility 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
On-Site 
Incineration 



B&P-scale studies 
may be required to 
determine 
incinerator and 
post-treatment 
disposal site waste 
acceptance criteria 
(WAC)  



Full-scale 
applications have 
been deployed 



Technology such as an 
APE incinerator crane 
conversion plant; APE 
incinerator in Lubben, 
Germany; Veolia 
incineration facility in 
Sauget, Illinois (for 
RAAP P4 wastes) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 
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TABLE 6-1 (Cont.) 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
Drying/Mechanical 
Mixing under Tent 
Structure 



May be required to 
determine 
concentration limit 
for P4 waste 
handling 



Full-scale 
applications have 
been deployed 



P4 train derailment, 
Miamisburg, Ohio; and 
Stauffer Site, Tarpon 
Springs, Florida (tent 
structure alone; no 
mixing) 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
A&W Batch Mud 
Still 



B&P-scale studies 
completed for 
other sites; B&P-
scale studies 
specific to FMC P4 
waste may be 
required 



Full-scale 
applications have 
been deployed, but 
B&P-scale studies 
specific to FMC 
will inform full-
scale design 



Rhodia/Solvay, Silver 
Bow, Montana 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
LDR Waste 
Treatment System 



B&P-scale studies 
may be required to 
determine WAC 
and post-treatment 
sludge 
conditioning to 
meet land disposal 
WAC  



Full-scale 
application has 
been deployed 



FMC, Idaho Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Wet Air Oxidation Pilot-scale studies 



performed 
Pilot-scale results 
did not support 
full-scale testing 



No reference on use for 
P4 remediation found 



Not applicable Further 
consideration not 
warranted 



      
Solvent Stirred 
Batch Reactor 



Needed before full-
scale design 



Must be preceded 
by B&P-scale 
studies 



No reference on use for 
P4 remediation found 



Not applicable Further 
consideration not 
warranted 



      
Off-Site 
Incineration Facility 



May be required to 
ensure waste meets 
WAC of 
incineration 
facility 



Full-scale 
applications known 



APE incinerator in 
Lubben, Germany; 
Veolia incineration 
facility in Sauget, 
Illinois (for RAAP P4 
wastes); P4 wastes 
from FMC Idaho Site 
have also been 
incinerated 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Post-Treatment 
On-Site Disposal 



May be required to 
ensure waste meets 
WAC of disposal 
site 



Full-scale 
applications known 



Disposal has occurred 
at multiple P4 sites; no 
reference for on-site 
disposal of P4 waste 
after treatment was 
found 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 
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TABLE 6-1 (Cont.) 



 
 



Response for “Findings” from Work Order of July 1, 2014 



ETTa 



 
Bench- and Pilot-



Scale (B&P-Scale) 
Studies Full-Scale Design 



Sites Where an ETT 
Has Been Used 



Use and 
Applicability of 
ETTs at FMC 



ETTs That 
Warrant Further 
Consideration 



      
Post-Treatment 
Off-Site Disposal 



May be required to 
ensure waste meets 
WAC of disposal 
site 



Full-scale 
applications known 



Incinerator residues 
from the RAAP were 
land disposed off site; 
incinerator residuals 
from FMC, Idaho, 
were disposed of off 
site 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
Underground 
Pipeline Cleaning 
Technologies 



Needed before full-
scale implementa-
tion 



Full-scale 
applications for 
some pipelines at 
FMC are known 



Storm sewer cleanout, 
FMC, Idaho 



Applicable at 
FMC 



This ETT 
warrants further 
consideration 



      
ETTs to Address 
Abandoned Railcars 



Needed before full-
scale design 



Must be preceded 
by B&P-scale 
studies 



Miamisburg, Ohio, 
train derailment; 
phosphorus railcar 
derailment, Fairfield, 
California  



Not applicable Further 
consideration not 
warranted until 
the CSM can be 
refined  



 
a “Treatment” includes P4 and P4 by-product reuse and recovery. 



 
 
distribution of the P4 in the 85-ft unsaturated zone, the capillary fringe, and the saturated zone is 
completely uncharacterized and unknown. The depiction of P4 in the subsurface (Figure 2.3) is 
nothing more than an inference or best guess. The inferred contaminant CSM may or may not be 
true. The P4 may also have behaved like a dense nonaqueous phase liquid (DNAPL) and be 
present as DNAPL-like “ganglia,” blobs, and smear zones in a more widespread, dispersed 
contaminant mass than is depicted. Such a dispersed contaminant distribution may be more 
amenable to treatment using in situ ETTs. However, since only limited attempts have been made 
to characterize subsurface P4 because of investigation worker health and safety concerns, the 
identification and evaluation of in situ ETTs are difficult. As a result, the site CSM is not refined 
enough to indicate with certainty whether a defined mass of P4 can be specifically located and 
targeted for treatment with an in situ ETT. The CSM would have to be refined before B&P 
studies are designed or undertaken.  
 



Understanding the specific retention of P4 (i.e., the amount of P4 naturally retained on 
soil particles) would be important for evaluating how successful an in situ technology can be. 
Specific retention is a property described as the ratio of the volume of water that a rock or 
sediment retains against the pull of gravity to the total volume of the rock or sediment 
(Fetter 1988). Essentially, it describes how much moisture remains if a saturated soil drains to an 
unsaturated condition. This concept can be applied to other liquids moving through soil or 
sediment. The literature lacks examples of the specific retention of P4. An estimation of specific 
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retention would improve understanding of the expected distribution of residual P4 in the 
unsaturated zone. It would also be important for designing and evaluating in situ technologies.  
 



To estimate the specific retention of P4, a set of experiments could be performed with 
vertical cylinders (e.g., 4-in. pipes mounted vertically in a warehouse) full of alluvial materials 
(with a range of grain sizes to match characteristic site alluvium). The temperature of the 
cylinders and surroundings should be 50–70°C. The temperature of the escaped liquid P4 is not 
known. Various amounts of P4 heated to various temperatures (this could be refined if that 
information were published) could be released at the top of each cylinder and, after cooling, their 
extent in the tube could be documented. Note that the repacked alluvial sediments in the tubes 
would represent disturbed samples, and their permeability would be much larger than that in the 
study area. This experiment poses a serious risk of P4 oxidizing in air and producing a great deal 
of smoke and heat. One way to resolve this issue would be to conduct the experiment in an inert 
atmosphere glove box. 
 
 Another approach for estimating the residual in the unsaturated zone would be to model 
it, relying on a range of estimates for the unknown P4 release temperature, the subsurface 
temperature, thermodynamics, and alluvium properties. 
 
 There are also uncertainties associated with the in situ ETTs. To some extent, these 
uncertainties could be assessed with bench- and pilot-scale studies. At a minimum, bench- and 
pilot-scale studies would be needed to determine the following:  
 



• Whether the in situ ETT treatment regime can be used to mobilize and cause 
the P4 or P4 reaction by-product to flow toward an extraction point;  



 
• Appropriate construction materials for the well points (e.g., mild steel, 



stainless steel, PVC, etc.);  
 



• How to safely place injection and extraction well points using direct push 
technology, air rotary, mud rotary, hollow stem auguring, or sonic drilling 
techniques;  



 
• How to inject or introduce the in situ ETT-specific treatment regime;  



• Approaches for pumping P4 and P4 reaction by-products from the extraction 
points to the surface for subsequent handling by an ex situ ETT; and 



 
• Methods for measuring the success of the in situ ETT being used.  



 
 A containment technology could be used in conjunction with a selected in situ ETT to 
improve the effectiveness of the in situ ETT and to reduce the cost of the ETT (subject to the 
cost-effectiveness of the containment system). Although the in situ ETTs are potentially 
applicable to the FMC OU, uncertainties pertaining to both the CSM and the in situ ETTs 
suggest that further consideration of these in situ ETTs is not warranted because the subsurface 
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remediation, regardless of the ETT implemented, would be incomplete. In addition, the in situ 
ETTs, with or without containment technology, would involve significant safety and cost issues.  
 
 
6.2.2 Ex situ Technologies 
 
  It appears that P4 is present in a pure or nearly pure state in some portions of the former 
FMC plant. As noted during the grading operations performed in 2015, P4 exists throughout the 
materials in the near surface. The “treatment” aspect of some ETTs includes both the treatment 
of P4 waste and the process steps for the recovery of P4 or P4 by-products for resale/reuse. 
Conceptually, as discussed in Section 5, any P4 waste subject to remediation can be “triaged,” in 
that there could be three fractions to be addressed: 
 



1. P4 waste that can be “mined” and recycled and/or reused as P4 without 
treatment; 



 
2. P4 waste that requires treatment with an ETT, resulting in either the 



generation of a reusable by-product like P4 or phosphoric acid or a waste 
residual; and 



 
3. P4 waste that does not require treatment with an ETT. 



 
 The Review Team evaluated a number of technologies that could be used to excavate 
P4 waste and then treat, recover P4 or P4 by-products in the waste on-site, or transport the waste 
off site for treatment and recovery and/or disposal (Table 6-1). The Review Team also identified 
a number of principles that influenced the way the ETTs were selected for evaluation and the 
way the evaluation was performed (see Section 4). On the basis of these general principles, and 
assuming P4 waste can be triaged as noted above, it appears that a number of technologies could 
be used to both excavate and treat P4 waste.  
 
 



6.2.2.1 Ex situ Excavation and Ancillary Technologies  
 
 A number of approaches have been used to excavate P4 waste, both at FMC in the past 
and at other locations; these approaches include mechanical excavation, cutter suction dredging, 
and thermal-hydraulic dredging. As indicated in Table 5-10, the best excavation method depends 
on the area to be excavated. Experience has been gained using these excavation methods at the 
FMC Idaho facility and at other P4 manufacturing facilities. Based upon a review of archival 
documents, it appears that that FMC used dredging systems or processes in the past to recover 
P4 in wastewater pond sediment, aid in constructing new ponds, or aid in refurbishing existing 
ponds. The Supplemental FS mentions that in the 1980s a process to recover P4 from historical 
impoundment pond 8S was “developed, built, and tested” and then closed and removed in 1993. 
The more recently constructed LDR WTS was designed with the capacity to treat dredged 
P4 wastes from Pond 18, a waste stream similar to the one that produced the P4 waste present in 
the historical ponds. 
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 It appears that FMC has also gained considerable experience with dry excavation 
methods that disturb P4 in the subsurface. Appendix C documents numerous USCs associated 
with the unplanned identification of P4 during slag movement. USCs can include either 
uncovering P4 and allowing it to burn until P2O5 smoke is no longer visible or covering P4 with 
sand. In the event slag needs to be moved to gain access to a P4 excavation area, experience 
gained when moving slag as part of the regrading project may be useful. 
 
 Due to P4 hazards such as the creation of P2O5 smoke, excavation would have to be 
followed up immediately with a suite of ancillary technologies in order to safely stage, store, 
sample, size, and blend the excavated waste to meet the acceptance criteria of whatever 
“downstream” ETT is selected. Before the excavation project could be started, a strategy for 
segregating and staging (triaging) P4 waste as part of the excavation process would need to be 
developed.  
 
 For example, post-excavation, P4 waste causing USCs could be allowed to burn in the 
open (or within a covered structure, per Section 5.3.2). More concentrated P4 waste could be 
kept submerged in a container prior to treatment or recovery/reuse as off-specification P4.  
 
 As noted above, the LDR WTS was designed and built specifically to treat dredged 
P4-containing solids and sediments somewhat similar to the P4 waste present in the historical 
ponds. In particular, the LDR WTS design features that focus on the excavation, blending, 
dewatering, sizing, and treatment of residuals from Pond 18 seem to be directly applicable to the 
treatment of the waste present in the non-RCRA historical ponds. 
 
 The P4 waste would be relatively benign if kept submerged, so copious amounts of water 
may need to be added to an excavation footprint. However, as inferred in the guiding principles, 
sufficient water is assumed to be available for such an endeavor from the groundwater 
P&T system to be constructed and operated as part of the IRODA. Furthermore, contaminant 
migration caused or exacerbated by the use of water during excavation could be addressed by 
modifications to the groundwater P&T system.  
 
 Each of the three excavation ETTs examined by the Review Team is applicable to at least 
a subset of the P4 waste at the FMC site. Each of the three excavation ETTs warrants further 
consideration.  
 
 



6.2.2.2 Ex situ Treatment Technologies 
 
 The WAO and solvent still batch reactor do not warrant further consideration. 
Incineration (either on or off site), A&W batch mud still, the LDR WTS, and drying/mechanical 
mixing under a covered structure (such as a tent) warrant further consideration.  
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 WAO 
 
 Although B&P scale studies demonstrated the efficacy of WAO, pilot-scale studies 
indicated that operation of a full-scale WAO facility would be difficult. The WAO process 
requires exacting control of operational parameters, an N2 purge, and special wet-cake handling 
issues, and it would face challenging design, operation, and permitting requirements for the 
associated air pollution control system. Furthermore, the WAO process did not compare 
favorably with the anoxic caustic hydrolysis process, which is the basis of the LDR WTS, an ex 
situ ETT described later in this section.  
 
 
 Solvent Still Batch Reactor 
 
 The solvent-stirred batch reactor ex situ treatment ETT is at an early bench-scale or 
conceptual stage. The basis for this ex situ treatment ETT is the solvent extraction procedure 
used to prepare samples for analysis by gas chromatography (EPA Method 7580). Laboratory 
testing has been performed, which involves the solvent extraction procedure preparatory to EPA 
Method 7580 (EPA 2015). As noted in Table 6-1, B&P studies would be required. For pilot- and 
full-scale solvent operation, large quantities of relatively toxic solvents would be required. The 
solvent still batch reactor does not warrant further consideration.  
 
 
 On-Site or Off-Site Incineration 
 
 The P4 waste has been treated by rotary kiln-type incineration technology at several 
domestic and international locations. The rotary kiln design is of interest for a number of 
reasons. Rotary kiln incineration systems are flexible, allowing simultaneous treatment of 
liquids, solids, and sludge with wide variations in heating value. FMC acknowledged that 
incineration technology is potentially applicable to P4 waste (MWH 2009, 2010). In at least two 
instances, FMC excavated small amounts of P4 waste (during slag ladling foundation upgrades 
and while installing utilities for the LDR WTS) and sent containers of waste off site for 
incineration. However, in the Supplemental FS, incineration was rejected because P4 waste 
excavation, preparatory to incineration, was not considered a viable option by FMC. The Review 
Team disagrees in that there appears to be a long history of P4 waste excavation at the FMC OU, 
which suggests that P4 waste could be excavated and staged in preparation for treating it using 
methods such as incineration. Furthermore, recent advances in relevant remote dredging 
technologies, such as those summarized in Section 5.2, make the development of a safe P4 waste 
excavation strategy feasible. As a result, the Review Team has determined that a rotary kiln-type 
incineration design is applicable to a subset of the P4 waste at the FMC OU. 
 
 Transportable incinerators have been used at a number of Superfund sites, as discussed in 
Section 5. The amount of P4 waste to be treated at the FMC OU may warrant the installation of a 
more-or-less permanent incinerator design, should the on-site incineration option be selected. An 
on-site incinerator would also need to address emissions and residuals. There is some potential 
that a useful by-product, phosphoric acid, could be generated as part of the incineration process 
as is the case with the APE incinerator design for the Crane Army Ammunition Plant in Indiana.  
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 For the off-site incineration option, the transportation of P4 waste off site is a major 
consideration. Since P4 waste is relatively benign if submerged in water, it can be transported in 
a water bath in containers or railcars. However, for the off-site incineration option, the transport 
of P4 over either public roads or railroad corridors from the FMC plant to the destination off-site 
incinerator is a major drawback. Depending upon the amount of P4 waste targeted for 
excavation, a large number of containers and numerous truck trips (or transportation by rail) 
would be required for transport. If a large quantity of P4 waste is to be excavated in a short 
period of time, a dedicated fleet of trucks (or railcars) may be required. Fewer railcars and train 
trips would be required, but the number of railcars and train trips would still be substantial. 
When compared to a no action approach, increased truck and train trips could result in increased 
accident frequency and a nuisance to stakeholders.  
 
 For the on-site incineration option, waste residuals will also be created that could be 
handled in an on-site disposal facility or that may need to be transported to an off-site disposal 
facility. Incinerator residuals may need to undergo waste conditioning to meet LDR UTSs, 
whether or not the incinerator residuals are disposed of on site. As discussed in Chapter 4, 
however, residuals could be placed in an on-site CAMU or CAMU-like CERCLA unit without 
meeting LDRs, as long as such disposal could be demonstrated to be acceptable, considering 
risks to human health and the environment. If incinerator residuals are transported to an off-site 
disposal facility, there could also be truck traffic nuisance and accident factors to address, and 
incinerator residuals would have to meet the WAC of the off-site disposal facility.  
 
 Despite the issues associated with the off-site transport of either P4 waste or incinerator 
residuals, the ex situ treatment ETTs of on- or off-site incineration warrants further 
consideration. 
 
 
 Drying/Mechanical with or without Containment 
 
 The Review Team has determined that this ex situ treatment ETT is applicable to a subset 
of the P4 waste at the FMC OU. This technology may be applied with or without a containment 
structure. In particular, this technology could be used to control the emissions from the USCs 
described in Appendix C, mechanical excavation of P4 waste, or the implementation of other 
ETTs, including, for example, the excavation of underground pipelines. Bench- and pilot-scale 
studies may be needed to identify the optimal concentration of P4 waste that could be handled 
with or without a containment structure and associated air pollution control equipment. However, 
this ETT is a developed technology; a full-scale version of the ETT was used for the 
Miamisburg, Ohio, incident. As a result, this ex situ treatment ETT warrants further 
consideration.  
 
 
 A&W Batch Mud Still 
 
 The Review Team has determined that this ex situ treatment ETT is applicable to a subset 
of the P4 waste at the FMC OU. This technology was examined as part of a RCRA corrective 
action study meant to address P4 waste present in a clarifier at the Rhodia/Solvay facility in 











 



132 



Silver Bow, Montana. After the treatability studies, the technology could possibly be selected as 
a component of the corrective action for the P4 waste clarifier. Using the batch mud still to treat 
materials with of P4 waste concentrations of <10%, would probably be inefficient. Residuals in 
the clarifier at the Rhodia/Solvay plant contain P4 at concentrations of around 20%. Any waste 
residuals generated by the batch mud still would need to be disposed of in either an on-site or an 
off-site landfill (and conditioned, if needed, to meet LDR UTSs).  
 
 Because this is a batch process, the throughput capacity of this ETT is small. This could 
be overcome by constructing several mud stills. Among the many positive aspects of this ETT is 
that P4 waste can be processed sufficiently to create a recyclable/reusable P4 product (along with 
some process waste). Some B&P-scale studies may be needed to establish the best operating 
conditions and the batch mud still waste acceptance criteria (WAC) WAC for the subset of 
P4 waste from the FMC OU to be treated. Given the fact that the ETT could be selected as a 
component of the corrective action plan for the Rhodia/Solvay site, this ex situ treatment ETT 
warrants further consideration. It may be advisable, however, should the mud still be selected at 
Rhodia/Solvay, to follow the activities and determine possible use at the FMC OU based on 
application at that site.  
 
 
 Land Disposal Restriction Waste Treatment System 
 
 This ex situ treatment ETT included waste feed, waste treatment, off-gas treatment, and 
residual handling systems specifically designed to treat wastes from the manufacturing process 
and to treat dredged waste from Pond 18. As designed, the LDR WTS could treat suspended 
solids ranging from 3 to 8 wt% with concentrations of P4 ranging from 0% to 50%. As a result, 
with some design modifications, this ETT is applicable to a subset of the P4 waste at the FMC 
OU. Unit treatment steps in the design included dredge material handling systems, waste solid 
strainers, a size reduction mill, and a feed system to provide for pre-treatment testing and feed 
equalization. The design also included dual chemical reactors, a wet filter cake stabilization 
system, residual waste management, and an off-gas treatment system that produces both waste 
residuals and a reusable by-product, phosphoric acid. As designed, waste residuals would be 
disposed of in an off-site landfill (and conditioned, if needed, to meet LDR UTSs).  
 
 Given that some P4 waste would need to be heavily irrigated during mechanical 
excavation, and perhaps saturated if produced by flooding and dredging an excavation footprint, 
P4 wastes generated during excavation may be somewhat similar to the Pond 18 waste the 
system was designed to accept. In addition, experience gained in performing B&P-scale 
testing—and designing and constructing (although not operating the system since the FMC Plant 
was shut down due to increased power costs)—the treatment system can be leveraged to modify 
the design to allow treatment of many kinds of P4 waste. Although the LDR WTS probably 
could not be used to treat P4-contaminated debris such as piping and concrete blocks, this ex situ 
treatment ETT warrants further consideration. 
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 Ex situ Post-Treatment Disposal: On or Off Site  
 
 Disposal in place has been practiced at a number of P4 manufacturing facilities and at the 
FMC OU. For the purposes of this independent review, the Review Team evaluated the disposal 
of residuals after the P4 content was treated. Whether or not land disposal occurs post-treatment 
in an on-site or off-site disposal facility, disposal of P4 waste post-treatment is applicable. In 
fact, land disposal of P4 treatment residuals would be essential, given that any P4 treatment 
technology would produce a waste stream that would have to be disposed of.  
 
 The treatment of P4 residuals disposed of off site would have to meet the RCRA LDR 
UTSs. For example, at one time FMC planned to dispose of LDR WTS waste solids as a 
nonhazardous waste that meets RCRA LDR UTSs in a silica mine. In contrast, P4 treatment 
residuals disposed on site could potentially be managed in an alternative land disposal unit such 
as a RCRA CAMU or a CERCLA on-site land disposal unit. For example, Rhodia/Solvay, Inc., 
suggests that some of the residuals from the batch mud still could be managed in an on-site 
CAMU.  
 
 If P4 treatment residuals are transported to an off-site disposal facility, there could be 
truck traffic nuisance and accident factors to address. However, despite the issues associated 
with the off-site transport of P4 treatment residuals, the ex situ treatment land disposal ETTs of 
on- or off-site disposal warrants further consideration. 
 
 
 Underground Pipeline ETTs 
 
 FMC has performed underground pipeline cleaning at the FMC OU (or is in the process 
of performing pipeline cleanout). Both external and internal pipeline cleaning technologies have 
a proven track record. The Review Team has determined that underground pipeline ETTs are 
applicable to FMC. Resources will have to be devoted to performing B&P testing to determine 
the viability of technologies, but commercial off-the-shelf (COTS) technologies may be well 
suited to cleaning out the underground pipeline network at the FMC OU. Should the pipelines be 
degraded or clogged, site managers also have the option of excavating sections of pipeline that 
cannot be cleaned with internal cleaning technologies. Cleaned pipelines could be abandoned in 
place and filled with inert material. They may also be removed by excavation and incinerated. 
Excavated pipeline sections would require either decontamination on-site or shipment for 
treatment off-site, for example using incineration technology. Residuals collected from cleaning 
out the pipeline would also have to be containerized and treated, perhaps in a treatment ETT 
selected for the FMC or in an off-site incineration facility.  
 
 Given the success already achieved in cleaning out the storm sewer underground 
pipelines, and given the existence of COTS technologies for pipeline cleaning, underground 
pipeline ETTs warrant further consideration.  
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 Abandoned Railcar ETTs 
 
 Several of the ETTs discussed in this document have the potential to treat the P4 waste 
present in the abandoned railcars. However, there is not sufficient information available to 
determine whether or not an ETT would be specifically applicable to the abandoned railcars. The 
presence of large quantities of nearly pure P4 in the railcars creates a unique and risky hazardous 
material challenge that should not be undertaken unless and until the CSM is refined. A refined 
CSM is necessary before the Review Team can determine whether any excavation or treatment 
ETT warrants further consideration. At this time, a viable approach appears to be to leave the 
abandoned railcars in place. This approach is somewhat similar to the approach used for the 
Fairfield, California, railcar spill incident in Suisin Marsh, in that the overturned railcars were 
covered with a concrete cap and institutional/physical controls are used to prevent the site from 
being disturbed.  
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7 RECOMMENDATIONS 
 
 
 In addition to the most significant consideration (risk to site workers during 
implementation), a decision to excavate and treat P4 waste will have several effects, including 
the following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and 
 



• Impacts on schedule and cost.  
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then a number of the ETTs either singly or in combination could be used to 
address a subset of the P4 waste. However, the ETTs are in various stages of maturity; some 
ETTs are available for use immediately, and other ETTs are in a theoretical or conceptual phase 
that will require a long lead time for development. The ETTs in a theoretical or conceptual phase 
will require a dedicated funding source to develop a one of a kind customized adaption of the 
ETT to address the unique aspects of P4 remediation. There is no guarantee that after 
development the technologies can be used successfully to excavate and treat P4. As a result, the 
Review Team recommends focusing only on mature ETTs with a proven track record that have 
been used either at the former FMC plant or at another site where P4 was handled. These ETTs 
could be used to excavate and treat P4 present in the FMC OU (Table 7-1).  
 
 Should the decision be made to excavate and treat P4 waste, project plans would need to  
consider containment technologies, in conjunction with excavation and cutter suction dredging 
and thermal-hydraulic dredging ETTs, in order to excavate and stage P4 waste for subsequent 
handling. In particular, mechanical excavation techniques are well suited to move surface soil 
and soil present at intermediate depths, and to create the slopes and benches or to install the 
shoring protection systems needed to excavate deep soil. As a possible alternative, operations 
could be conducted during colder seasons to minimize emissions.  
 
 Each of the three excavation ETTs may be potentially applicable to deep soil. To date, 
FMS has moved millions of cubic yards of slag (Appendix F). Sloping and benching to achieve 
excavation depths in excess of 85 ft would require the movement of millions of cubic yards of 
material. Soil contaminated with high concentrations of P4 may require hydraulic rather than 
mechanical excavation. Containment technologies, for example freeze wall technology, could be 
used to help create an excavation footprint that could be flooded or saturated during soil removal. 
Nevertheless, techniques such as sloping and benching in order to access P4 waste present at the 
CERCLA ponds could impact the RCRA ponds in proximity to the excavation footprint. 
Although the site operating history indicates that surface and intermediate soil layers will allow 
water to be impounded, it is not known whether or not deep soil layers can be used to create a 
flooded excavation footprint. In addition, site remediation worker risks will increase as the depth 
of the excavation increases, due to the risk of cave-ins and the potential for exposure to 
phosphine gas and phosphoric acid emissions.  
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 P4 could be treated with a number of ETTs. Each ETT has advantages and disadvantages, 
as noted in the review parameter tables discussed for each ETT. Depending on the P4 waste 
identified for excavation and treatment, excavated P4 waste could be initially staged, and less-
contaminated portions could be treated using drying and mechanical mixing under a tent 
structure. The readiness of an ETT to be used to excavate or treat P4 waste has been designated 
in Table 7-1. Readiness in this case is an estimate based on best professional judgment. The 
timespans noted for readiness are most useful when comparing ETTs to each other in that some 
ETTs probably require more preparation time before implementation than others. The accuracy 
of the timespan estimate is best for the “near-term” readiness category. For example, the near-
term category (within 1 year) is estimated to be correct for technologies with real world 
examples that are available currently. By way of example, as noted in the text, P4 waste from 
FMC and other sites has been mechanically excavated, containerized, and shipped off site for 
treatment in an off-site incinerator. Accuracy decreases for the mid-term and the long-term 
readiness category. The ETTs that could be readied in the mid-term would require a longer 
preparation time because the ETTs (dredging or the pipe cleaning technologies) would likely 
require a water component involving modifications and operation of the P&T system (to provide 
access to a water source) and may include preparing containment features to allow for the 
excavation footprint to be flooded. ETTs in the long-term readiness category are assumed to 
require a longer lead time to address design and approval requirements and waste acceptance 
criteria. 
 



Technologies ready in the near-term (within 1 year) include mechanical excavation, 
containment technologies, off-site incineration, and drying mechanical mixing under a tent 
structure. 
 
 Technologies that could be readied in the mid-term (1 to 2 years) include cutter suction 
dredging, thermal-hydraulic dredging, and underground pipeline cleaning technologies.  
 
 Technologies requiring a longer lead time (2 to 5 years) include on-site incineration, 
LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-treatment off-site 
disposal.  
 
 If a decision is made to excavate and treat P4 waste, stakeholders  could proceed as 
follows: 
 



• Identify the P4 waste to be excavated and treated;  
 



• As part of the P4 excavation project plan development process, refine the 
existing CSM of the three-dimensional distribution of P4 to be excavated and 
treated (the model should address the anticipated P4 concentrations and the 
physical and chemical characteristics of the host media); 



 
• Determine whether the risk to site investigators created by collecting samples 



containing P4 as needed to refine the CSM are acceptable (if the CSM cannot 
be sufficiently refined, an excavation and treatment plan robust and flexible 
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enough to characterize, stage, and treat P4 waste as excavation occurs will 
need to be developed); 



 
• Select the treatment technologies required to treat the identified waste within 



the desired schedule; 
 



• Select the excavation and ancillary technologies required to excavate and 
stage the identified waste in preparation for treatment;  



 
• Determine the sequence of actions, including plan development, applications, 



and approvals; and 
 



• Implement the actions.  
 
  











 



138 



TABLE 7-1 Readiness of Technologies for Excavating or Treating P4 Wastea 



 P4 Waste Type 



ETT 
Process 
Wasteb 



Contaminated 
Surface Soilc 



Contaminated 
Soil at 



Intermediate 
Depthd 



Contaminated 
Deep Soile 



Contaminated 
Debrisf 



Containment Technologies     Potentially 
applicable 



 



Mechanical Excavation    Potentially 
applicable 



 



Cutter Suction Dredging    Potentially 
applicable 



Not 
applicable 



Thermal-Hydraulic Dredging    Potentially 
applicable 



Not 
applicable 



On-Site Incineration     



Drying – Mechanical Mixing 
under Tent Structure 



Not 
applicable 



   Not 
applicable 



A&W Batch Mud Still   Not 
applicable 



Not 
applicable 



Not 
applicable 



LDR Waste Treatment System     Not 
applicable 



Off-Site Incineration Facility     



Post-Treatment On-Site Disposal     



Post-Treatment Off-Site Disposal     



Underground Pipeline Cleaning 
Technologies 



   Not 
applicable 







 
a A checkmark indicates the ETT could be used to excavate and/or treat a subset of the P4 waste at the FMC OU. 



The color green indicates a technology that could be ready in the short-term (within 1 year); blue indicates a 
technology that could be ready in the mid-term (1 to 2 years); yellow indicates a technology that could be ready in 
the long term (3 to 5 years). “Treatment” includes P4/P4 by-product reuse and recovery. 



b “Process waste” includes phossy water, phossy solids, precipitator slurry, slag, and slag-related and treatment 
residuals from kiln and calciner off-gas treatment. 



c “Surface soil” is soil that can be safely accessed by site workers using benching, sloping, or laybacks. 



d “Intermediate depth” in this case includes soil that is present at depths at which shoring is required to comply 
with Subpart P, “Excavations,” of 29 CFR 1926.652 (i.e., Part 1926, “Safety Regulations for Construction”) to 
address the potential for cave-ins. 



e “Deep soil” in this case is soils in excavations that are more than 20 ft deep; excavations would have to be 
designed by a professional engineer to satisfy 29 CFR 1926.652. Benching or 3:1 sloping required to excavate 
deep soil would likely affect RCRA ponds. Risks to remediation workers due to cave-ins and exposure to 
phosphine and phosphoric acid may increase with an increase in excavation depth. 



f “Contaminated debris” includes man-made items, such as concrete, reinforced concrete, piping, tanks, lumber, 
and sheet metal. 
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8 SUMMARY AND CONCLUSIONS 
 
 
 In September 2012, the EPA issued an IROD for the FMC Operable Unit in Pocatello, 
Idaho (EPA Region 10 2012a). In the Supplemental RI/FS, a review of technologies that could be 
implemented to address the P4 in the soil (the principal threat waste) was conducted 
(MWH 2010). On the basis of that review and CERCLA’s nine criteria, the EPA determined that 
capping was the preferred approach. However, the Tribes favor the permanent removal and/or 
treatment of contaminants. The Tribes have expressed concerns regarding the previous review 
conducted on potential treatment technologies. To address the Tribes’ concerns, the EPA and the 
Tribes agreed to have Argonne perform an independent review of technologies, referred to as 
ETTs, which could be used to treat the principal threat waste. The framework of how the 
independent review was to be performed was arrived at by consensus and documented in a Work 
Order. The Work Order was developed during a face-to-face meeting with EPA and the Tribes 
and was refined in a follow-up teleconference in the spring and summer of 2014. For the 
purposes of this independent review, an ETT was assumed to be a technology that can excavate 
and/or treat P4 waste. The P4 was assumed to be process waste, soil, and debris (debris in this 
case being considered a man-made object containing or contaminated with P4). 
 
 In response to the Work Order, Argonne established an expert Review Team to perform 
the tasks established in the Work Order. In part, the Work Order directed the Review Team to 
identify ETTs that warranted further consideration. Since some ETTs also involve excavation 
 During the research, a number of ETTs were identified. The Review Team prepared a 
draft, draft final, and final list of ETTs. The final list includes only the ETTs that the Review 
Team felt offered reasonable potential for successfully and safely addressing the P4 waste. Only 
those technologies that made this cut are examined in detail in this report. The technologies were 
categorized into groups depending on their application, as follows: 
 



• In situ technologies (subsurface treatment); 
 



• Excavation-related technologies; 
 



• Ex situ treatment technologies, including both on and off site; and 
 



• Ex situ (off-site) disposal technologies. 
 
 In addition, the Review Team felt that the logistical and treatment problems posed by 
underground piping and abandoned railcars warranted special consideration. Technologies 
addressing these special cases were also included.  
 
 The Review Team examined in detail 18 ETTs that could potentially be applicable for 
excavating and treating P4 waste at the FMC OU. The technologies examined ranged in maturity 
from theoretical or conceptual stages to real-world examples of treating P4 waste in full-scale 
systems. 
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 Although the in situ ETTs examined are potentially applicable to the FMC OU, 
uncertainties pertaining to both the CSM and the in situ ETTs suggest that further consideration 
of in situ ETTs is not warranted because the subsurface remediation, regardless of the ETT 
implemented, would be incomplete. In addition, the in situ ETTs, with or without containment 
technology, would involve significant safety and cost issues. The health and safety concerns 
would be caused by the need to perform additional site characterization work. 
 
 The Review Team decided that several ex situ ETTs did not warrant further 
consideration; these included solvent-stirred batch reactor, WAO, and technologies considered 
for abandoned railcars. Further consideration of WAO is not warranted due to operational issues. 
The solvent still batch reactor was rejected because the process is only in the bench-scale stage. 
Insufficient information is available to determine whether or not an excavation or treatment ETT 
would be specifically applicable to the abandoned railcars. A refined railcar CSM is necessary 
before the Review Team can determine whether any excavation or treatment ETT warrants 
further consideration. 
 
 After the evaluation process, the Review Team determined that the following ETTs 
warrant further consideration:  
 



• Containment technologies, 
 



• Mechanical excavation, 
 



• Cutter suction dredging,  
 



• Thermal-hydraulic dredging, 
 



• On-site incineration, 
 



• Drying – mechanical mixing under tent structure, 
 



• A&W batch mud still, 
 



• LDR waste treatment system, 
 



• Off-site incineration facility, 
 



• Post-treatment on-site disposal, 
 
  











 



141 



• Post-treatment off-site disposal, and 
 



• Underground pipeline cleaning technologies.  
 
 In addition to the most significant consideration, risk to site workers during 
implementation, a decision to excavate and treat P4 waste will have several effects, including the 
following:  
 



• Impacts on community health and safety, 
 



• Impacts on the environment, and 
 



• Impacts on schedule and cost.  
 
 If, despite this risk and these impacts, stakeholders determine there is a need to excavate 
and treat P4 wastes, then the Review Team concludes that several of the ETTs could be used in 
combination to treat only a subset of the P4 waste present at the site. Concerns about the health 
and safety of investigation site workers using the then-available investigation approaches 
prevented the collection of subsurface samples containing P4 from large areas of the site, 
including, for example, the railroad swale, the vadose zone beneath the Furnace Building, and 
the abandoned railcars. It appears that no attempt was made to experiment with or to use 
alternative characterization methods (such as modified PPE), nonintrusive techniques, remotely 
controlled sample collection equipment, cryogenics, etc.) as part of the investigation. As a result, 
the CSM in those particular areas is not refined enough to allow a full evaluation of ETTs and to 
allow the Review Team to draw conclusions about the efficacy of the ETTs examined. However, 
in other areas of the site, for example, the historical ponds, process knowledge (information 
about process waste stream discharged to the historical ponds) and the information gathered 
during both the CERCLA investigations and the RCRA-related investigations provide the 
information needed to determine whether or not the ETTs considered warrant further 
consideration for treating P4 those areas. The readiness of an ETT for implementation varies 
depending on many factors, including stakeholder input, permitting, and remedial action 
construction requirements. Technologies ready in the near term (within 1 year) include 
mechanical excavation, containment technologies, off-site incineration, and drying and 
mechanical mixing under a tent structure. Technologies that could be ready in the mid-term (1 to 
2 years) include cutter suction dredging, thermal-hydraulic dredging, and underground pipeline 
cleaning technologies. Technologies requiring a longer lead time (2 to 5 years) include on-site 
incineration, LDR WTS, A&W batch mud still, post-treatment on-site disposal, and post-
treatment off-site disposal. 
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From: Williams, Jonathan
To: Madabhushi, Sriram [USA]
Cc: Benchouk, Michele [USA]; McDonnell, Kimberlee
Subject: RE: [External] FW: EMF - Simplot site
Date: Wednesday, February 17, 2016 9:42:07 AM


Yes.  I can be available before 1:30 pm Pacific Time today.  Let me know what works best for you. 
 Thanks.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Madabhushi, Sriram [USA] [mailto:madabhushi_sriram@bah.com] 
Sent: Wednesday, February 17, 2016 2:33 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Cc: Benchouk, Michele [USA] <Benchouk_Michele@bah.com>
Subject: RE: [External] FW: EMF - Simplot site
 
Thank you Jonathan.
 
It took a lot longer than I expected to download the large data file. This document looks much more
 comprehensive.
 
If you have some time later today, I would like to discuss a couple of items regarding RD60.
 
Thanks,
Sriram
 
Sriram Madabhushi
(210) 487-2611 Off
(803) 446-0607 Cell
madabhushi_sriram@bah.com
 


From: Williams, Jonathan [mailto:Williams.Jonathan@epa.gov] 
Sent: Tuesday, February 16, 2016 1:33 PM
To: Madabhushi, Sriram [USA] <madabhushi_sriram@bah.com>
Cc: Benchouk, Michele [USA] <Benchouk_Michele@bah.com>
Subject: [External] FW: EMF - Simplot site
 
Below is information needed to review the Simplot OU annual reports.



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=EB63580F70DD4D598779BB89417DEECC-WILLIAMS, JONATHAN

mailto:madabhushi_sriram@bah.com

mailto:Benchouk_Michele@bah.com

mailto:McDonnell.Kimberlee@epa.gov

mailto:madabhushi_sriram@bah.com

mailto:Williams.Jonathan@epa.gov

mailto:madabhushi_sriram@bah.com

mailto:Benchouk_Michele@bah.com





 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
 


From: Jennings, Jannine 
Sent: Tuesday, February 16, 2016 11:03 AM
To: Williams, Jonathan <Williams.Jonathan@epa.gov>
Subject: FW: EMF - Simplot site
 


 
https://emf.formationclient.com/AnnualReports.html
 
 
Login credentials are (case sensitive):
Username: emf
Password: Michaud8*
 
in error, please destroy (delete and remove from your server) it immediately and contact us at (303) 442-0267.
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From: Williams, Jonathan
To: Marguerite Carpenter
Cc: Rob Hartman; Benchouk, Michele [USA]; Poeton. Rick; Kelly Wright; susanh@ida.net;


 Scott.Miller@deq.idaho.gov; Wayne.Crowther@deq.idaho.gov; Douglas.Tanner@deq.idaho.gov; McDonnell,
 Kimberlee


Subject: EPA Comments on FMC OU Final Soil Remedy RD and RAWP
Date: Saturday, February 06, 2016 10:22:43 PM
Attachments: Comments on Final Soil Remedy RD and RAWP 2-6-16 .pdf


Marjo:
 
Attached are  EPA comments on the soil remedy final Remedial Design Report, Supporting RD/RA
 Documents and the Remedial Action Work Plan which were submitted under the UAO for RD/RA at
 the FMC OU.   These comments were developed in coordination with the Shoshone-Bannock Tribes
 and Idaho Department of Environmental Quality.
 
As stated at the beginning of the comments, these submittals need revision, are disapproved, and
 resubmittal consistent with EPA comments is required within two weeks.  Please contact me if you
 have questions about the attached comments.
 
Jonathan Williams, LHG
Remedial Project Manager
U.S. Environmental Protection Agency
1200 Sixth Avenue, Suite 900, ECL-122
Seattle, WA  98101
 
Telephone:  (206) 553-1369
E-mail:  williams.jonathan@epa.gov
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February 6, 2016 



EPA COMMENTS 



Remedial Design Report, Remedial Action Work Plan, Supporting Documents 



Unilateral Administrative Order (UAO) for Remedial Design and Remedial Action 



EPA Docket No. CERCLA-10-2013-0116 



FMC Operable Unit of the Eastern Michaud Flats Superfund Site, Pocatello, ID 



  



On December 23, 2015, FMC submitted a Final (100%) Soil Remedy Engineering Remedial 



Design Report (RDR), Remedial Action Work Plan (RAWP), and supporting documents.   



On January 13, 2016, FMC submitted appendices A-1 and B-1 to the RAWP for remedial action 



construction at RA-G North.  The Contractor Construction Plan and Construction Quality 



Assurance/Quality Control Plan, Appendices A-1 and B-1, are for a portion of RA-G where 



commercial development is planned to occur after the soil remedy has been constructed.   



 



Below are EPA’s comments on the Final Soil Remedy Engineering Remedial Design Report 



(RDR), Remedial Action Work Plan (RAWP) including Appendices A-1 and B-1, and the 



RD/RA supporting documents.  These submittals require revision, and are disapproved under 



paragraphs 60 and 61 of the subject UAO.  FMC shall address the comments, correct the 



deficiencies, and resubmit for approval within 14 days. 



 



These comments do not address the draft Institutional Control Implementation Assurance Plan 



(ICIAP) submitted in January 2015.  EPA comments on the draft ICIAP will be provided 



separately. 



 



 



A. Comments on the RDR and RAWP Related to Redevelopment Addendum 



Comments Provided by EPA November 25, 2015 and FMC’s Response to Comments of 



December 23, 2015 



 



Comment 1: Ground Settlement and Subsidence.  As noted in the response from FMC, an 



independent Geotechnical Design Report and design drawings were provided in Appendix H to 



the Final RDR.  This includes an initial report (June 23, 2015) which did not consider the 



proposed gamma cap design or grading plan, and subsequent addenda (August 7 and 28, 2015) 



which account for the gamma cap required for RA-G North.   



 



a. On page 8 of the initial report, the consultant concludes that “fill is variable in density 



and not suitable for support of structural elements, without the potential for long-term 



subsidence.”  Accordingly, the consultant proposes that portions of the existing fill be 



excavated and reinstalled in a controlled compacted manner to accommodate overlying 



paving and structures.  Placement of three layers of geogrid will also be placed beneath 











(and extending five feet beyond the footprint of) proposed structures.  FMC must discuss 



how such actions will impact construction and integrity of the gamma cap in this area.  In 



addition, FMC must expand Section 3.2.1.1 of the PSVP to note that the final status 



survey will include an assessment of gamma cap equivalency for reinstalled, compacted 



fill in the roadways, parking areas, and laydown areas (as noted on page 13 of the 



response to comments letter), as well as compacted fill foundations associated with the 



Valley facility features.  FMC must clarify how it intends to perform final status surveys 



in RA-G North areas where building construction takes place.  Because the proposed 



aggregate base corresponds to the gamma cap’s primary shielding layer beneath proposed 



RA-G structures, this layer must be shown to provide adequate protection from gamma 



exposures.  Potentially removable overlying structures or features (e.g., concrete slab on 



grade), which correspond to the gamma cap buffer, should not be considered when 



determining gamma emission rates from this area after construction.  FMC is responsible 



for ensuring that these structures are properly maintained in perpetuity.  



 



b. On page 9 of the initial report, the consultant discusses construction of stormwater 



infiltration facilities below the fill soils.  FMC must explain how construction of these 



infiltration facilities will affect placement, integrity, and shielding capability of the 



proposed gamma cap at RA-G North.  Similarly, FMC must discuss how a potential 



sinkhole or standing water (mentioned on page 12 of the initial report) would affect the 



physical integrity and shielding properties of the gamma cap, as well as its ultimate 



impact on the groundwater remedy. 



 



c. FMC must clarify how materials excavated during Valley facility construction (Remedial 



Action construction) will be handled and disposed to ensure protection of human health 



and the environment. This is of particular concern with regard to any P4 material that 



may be encountered. 



 



Comment 2: Storm Water Settling Pond.  The response to this comment is acceptable with 



regard to lining of the proposed Valley detention pond.  However, as review of the 60% 



groundwater remedy design progresses, EPA is concerned about the impact surface features may 



have on underlying groundwater and performance of the groundwater remedy.  Specifically, it is 



unclear whether infiltration from unlined Stormwater Detention Pond 3 has been factored into 



the groundwater remedy design.  Unless FMC can demonstrate this will not negatively impact 



the groundwater remedy, EPA will require that Pond 3 be lined prior to being brought into 



service.   



 



Comment 3: Building Foundation (Cap) Integrity.   



 



a. FMC responds that gas monitoring in buildings is not necessary based on previous 



monitoring for phosphine.  However, previous outdoor monitoring efforts and gas 



emissions analyses have not addressed the potential for hazardous gas buildup within 



newly constructed enclosed structures located on top of the site.  Provisions must be 











included for monitoring interiors of buildings at RA-G North (once completed) until it is 



demonstrated that they are safe and will remain so.  



 



b. In their response to this comment, FMC states that “other than the ore/soil fill within the 



former stacker/reclaimer trenches, native soil is now exposed at the surface of the 



majority of the area of RA-G North.”  This statement draws into question whether it 



would be beneficial to remove fill from the trenches, such that placement of a gamma cap 



(and long-term maintenance of that cap) would not be needed at RA-G North.  However, 



a review of the May 2009 Supplemental Remedial Investigation report (pages 4-32 and 4-



33) indicated that remediation unit (RU) 7 – as this area was originally identified – had 



been built up from its original grade, likely due to ore stockpiling and material handling 



throughout this area and not just within the two parallel trenches.  Page 4-35 states that 



the native soil interface ranges between 2 and 25 feet below ground surface (bgs).  



Although the Remedial Design Report calls for grading of the surface at RA-G North, it 



was never anticipated that this excavation would extend to 25 feet bgs.  Furthermore, the 



depth of the trenches is believed to be only 10 feet below the surrounding ground surface 



(page 4-38).   



 



In order for FMC to avoid gas monitoring, justification regarding the statement that 



native soil (not native soil mixed with slag) is now observed at the ground surface 



throughout the RA-G North area, except where the two trenches are located would need 



to be provided for EPA approval.  FMC would need to also provide justification for the 



contention that the ore/soil fill is limited to the area within the two trenches.  Specifically, 



up-to-date USC P4 mapping would need to be enhanced to clarify whether each event 



within RA-G occurred within the former trenches.  Finally, based on the resolution of 



these issues, FMC would then need to remove the trenched material to obviate concerns 



over capping, maintenance, and gas monitoring during and after redevelopment. 



 



Comment 4: Gas Monitoring Plan.  It is a well-established principle in environmental and 



occupational monitoring that it is not always sufficient to argue that hazardous exposures are 



projected to be acceptable.  Exposures must often be demonstrated to be acceptable.  Grading, 



construction, and capping will alter the physical nature of the site and potentially influence 



transport and accumulation of any hazardous gases.  In the same way that final status surveys are 



necessary to demonstrate that gamma emissions are at acceptable levels, so a gas monitoring 



plan is necessary to demonstrate that, after completion of remedial action construction, gas levels 



are acceptable. 



 



Furthermore, gas monitoring requirements in the IRODA are not limited to phosphine.  The 



IRODA requires that FMC “Implement a gas monitoring program at the FMC OU capped 



ponds… and subsurface areas where elemental phosphorus is present to identify potential 



phosphine and other potential gas generation at concentrations that could pose a risk to human 



health.”  Elemental phosphorous was encountered during the grading phase of remedial action 











construction within some areas (e.g. RA-F and RA-G North) areas which are to receive a gamma 



cap instead of an ET cap. 



 



Elements of the gas monitoring plan for the FMC soil remedy must include, but are not limited 



to: 



 



 A conceptual model of gas transport through soil to buildings or the atmosphere, 



including identification of areas where phosphine and other hazardous gases may surface 



after migrating laterally in the subsurface from areas with buried P4. 



 Gas monitoring during excavation and trenching associated with RA-G North 



redevelopment to ensure that the disturbance has not resulted in generation of hazardous 



gases. 



 Monitoring of any newly-constructed indoor workplaces for a minimum of one year, or 



longer if needed to demonstrate that exposures are acceptable. 



 Randomly placed gas monitoring elsewhere across the remediation areas, accounting for 



the fact that buried P4 has been unexpectedly encountered, and may remain present in 



isolated pockets, in areas that will not receive an ET cap as part of the soil remedy.  



 Gas monitoring throughout the first year, preferably on a continuous basis, to account for 



varying atmospheric conditions. 



 



The information provided by FMC regarding exterior gas monitoring to date does not include 



quantitative modeling of potential exposures inside structures yet to be constructed.  The 



guidance document, Assessing Potential Indoor Air Impacts for Superfund Sites (EPA 451-R-92-



002, September 1992), recognizes the potential need for gas monitoring at CERCLA sites.  This 



guidance describes a stepwise approach to assessing indoor air impacts from gases associated 



with CERCLA sites.  The approach starts with modeling of exposure, if necessary, proceeds to 



exterior monitoring and modeling, and then monitoring at the building site if needed to 



determine actual indoor air quality and risks.  At the FMC OU, considering time constraints, it 



may be simpler for FMC to monitor for gases inside the buildings for some time after 



construction, rather than going through the stepwise guidance process with the models and 



methods recommended.  



 



Specific recommendations are made in the above-referenced guidance document (EPA 451-R-



92-002) regarding models to be used, sampling methods, and locations.  For example, the 



guidance recommends that indoor air samples be collected over a period of at least four hours, 



with eight hours being strongly preferred.  Samples should be collected between three and six 



feet above the floor in the occupied area of each story of the building and the basement, and at 



least one foot from any object.  The monitoring should be conducted on several different days 



under conditions that approximate the range of normal meteorological and building operating 



conditions.  Best monitoring conditions exist when indoor temperature is at least 10 degrees 



Fahrenheit higher than outside, and wind speeds are steady and exceed approximately 5 miles 



per hour. 



 











Comment 5: Utility Installation and Maintenance.  The outlined approach involving 



establishment of clean utility corridors is acceptable.  However, the high-level project schedule 



provided as Figure 7.1 of the RAWP (incorrectly referenced as Figure 6.2 in the response) is not 



detailed enough to confirm the timing of trenching and utility installation prior to the 2016 



capping phase in this area.  Updated and detailed schedules must be provided for EPA review.  



Further, it must be clear that all grading, excavation, and capping is remedial action construction 



to be performed by FMC or its contractors.   



 



Comment 6: Remedial Action Access.  In the response to this comment, FMC indicates that the 



construction schedule for RA-G redevelopment has a target completion date in November 2016.  



Because the next capping phase is also anticipated to be complete in November 2016, FMC 



concludes that “there will be no public (including Valley customers) access prior to completion 



of the capping phase.” 



 



This response fails to distinguish between remedial action construction (grading, excavation, 



capping) within RA-G North and subsequent building construction once RA-G North remedial 



action construction is complete.  FMC must describe how people not engaged in remedial action 



construction or oversight will be excluded from RA-G North until remedial action construction is 



accomplished.  Further, FMC must describe how building construction workers and others 



working within RA-G North (once remedial action construction is complete in that location) will 



be excluded from other parts of the FMC OU prior to soil remedy construction completion in 



those areas. 



 



Comment 7: Soil Remedy Effectiveness.   



 



a. The FMC response to the second comment bullet, which consists mostly of describing 



how Valley anticipates using its future facility, is inadequate.  The more intensive land 



use now planned for RA-G North may increase the likelihood of the soil cap being 



compromised by human activity.  In particular, maintaining the required RA-G North 



gamma cap shielding soil thickness (or the equivalent thickness of other material) across 



the proposed roadways, parking lots, and laydown areas may be challenging.  Inspection 



criteria, action triggers, and maintenance response actions must be included in the Final 



PSVP and OMMP which account for more intensive use of the area than previously 



planned. 



 



b. The FMC response to the third comment bullet is inadequate.  The construction details 



for roads, parking, and laydown areas must be clarified.  The October 2015 FMC 



Addendum for RA-G North is confusing and describes the main access road as consisting 



of “14 inches WUA gravel compacted to 90% MDD and/or geotextile overlain by 12 



inches WUA gravel compacted to 90% MDD.”  From this statement, it is not clear 



whether the design is intended as “14 inches gravel AND geotextile with 12 inches 



gravel” or could be interpreted as “EITHER 14 inches gravel OR geotextile with 12 



inches gravel.” Considering the anticipated wear from traffic in this area, the second 











alternative would not be acceptable unless there was an underlying gamma cap layer.  



The RA-G North Remedial Design must clarify that construction of roads, parking, and 



laydown areas will be on top of, in addition to, and not interfering with, any required 



gamma cap.  This intent would appear to be the case from the October 2015 FMC 



Addendum which states that “…all areas within RA-G that are not shown as 



structures/improvements associated with the redevelopment project will receive the 



gamma cap.”  Roads would, therefore, be constructed on top of the gamma cap (or its 



equivalent).   



 



c. The last bullet of this comment, which states that the OM&M Plan must include 



provisions to ensure that stored material will not compromise the integrity of the cap, has 



not been addressed.  The OM&M Plan must include provisions to ensure that stored 



material (vehicles, equipment, product, building materials, etc.) will not compromise the 



integrity of the cap.  Additionally, FMC states that Valley structures (warehouse, scale, 



tank farm, and detention pond) have been excluded from the OM&M Plan.  Those 



structures which serve as gamma caps are FMC’s responsibility to maintain.  The PSVP 



and OM&M Plan must include inspection criteria, action triggers, and maintenance 



response actions for these features. 



 



Comment 8: Groundwater Remedy.  The response to this comment is acceptable.   



 



Comment 9: Contingency Plans for Excavating P4-Contaminated Soils during 



Construction.  The response to this comment is acceptable.   



 



Comment 10: Section 5.0, Schedule.  The high-level project schedule provided as Figure 7.1 of 



the RAWP (incorrectly referenced as Figure 6.2 in the response) is not detailed enough to 



confirm the timing of trenching and utility installation prior to the 2016 capping phase in this 



area.  Updated and detailed schedules must be provided for EPA review. 



 



Comment 11: Correction on Table 2.  The response to this comment is acceptable.   



 



B. Comments on the Soil Remedy Final Remedial Design Report 



 



Note:  Comments 1 and 2 also make reference to previous comments and FMC responses to 



comments. 



 



Comment 1: Section 5.3.2 and related sections, Gamma Cap Design.  The FMC response 



describes the gamma cap design thickness as 14 ± 2 inches. 



 



a. Practical experience and technical guidance indicate that some level of protective cover 



or buffer is necessary to protect the gamma cap from the effects of erosion.  EPA’s 



(Draft) Technical Guidance for RCRA/CERCLA Final Covers (EPA 540-R-04-007, 



OSWER 9283.1-26, April 2004) describes the components of covers as well as cover 











design.  Pages 1-20 to 1-22, in particular, address the top “Surface Layer,” as well as the 



underlying “Protection Layer”.  FMC’s proposed “average 14 ± 2 inches” cap thickness 



meets this objective.  However, EPA believes that the small 2-inch buffer afforded by the 



proposed cap will necessitate very aggressive OM&M efforts that go beyond those 



currently proposed.  



For comparison, the ET cap design incorporates a 6-inch buffer layer, along with a 2-inch 



trigger for erosion loss.  Repairs are, therefore, triggered well before the functional 



aspects of the cap are compromised.  Because the proposed gamma cap design only 



incorporates a 2-inch buffer, more robust OM&M criteria must be applied to ensure 



continued cap integrity.  In order to receive EPA approval, FMC must incorporate one of 



two acceptable alternatives: 



 



(1) Enhanced OM&M: FMC must inspect the gamma caps quarterly, rather than 



annually as specified for the ET caps.  Further, monitoring will need to occur on 



sloped areas after significant rainfall until vegetation sufficient to largely inhibit 



erosion has become established.  



 



(2) Enhanced Cap Design with Less Robust OM&M: FMC must enhance the 



gamma cap design to include sufficient buffer thickness to be consistent with the 



ET cap.  On this basis, the comparable total gamma cap thickness should be 



“average 12 ± 2 inches” plus an approximate 6-inch buffer for a total gamma cap 



thickness averaging about 18 inches ± 2 inches.  Less frequent inspections might 



then be appropriate in the long-term.  



 



b. Regardless of the option selected, FMC must clarify the means by which cap thickness 



will be effectively measured.  The OM&M Plan describes a gamma cap soil depth 



measurement method that differs significantly from those for ET caps.  Section 3.2.1.1 of 



the Plan indicates that gamma cap soil depth measurements will be made by advancing a 



3/8-inch rebar through the gamma cap surface to the top of the underlying slag.  It is not 



clear whether this seemingly subjective method can accurately distinguish between a cap 



thickness which has lost two inches of buffer and one which has not.  Alternatives such 



as the use of topsoil depth indicators (as used on ET caps) or other methods, such as 



coring must be considered.  There are obvious advantages to having consistent cover 



depth monitoring methods for both ET and gamma caps. 



 



c. Plans for soil depth measurements on gamma caps must provide for a density of 



measurements that is at least consistent with the MARSSIM-based density used for 



gamma survey measurements.  If FMC does not want to replicate the MARSSIM-based 



measurement density for soil cap thickness then a rationale for an alternative approach 



must be presented that will provide assurance depth criteria will be met consistently and 



uniformly. 



 











d. The term “acceptable cap conditions” used by FMC on page 16 of the response, must be 



defined in the OM&M Plan.  Use of such a vague term is open to interpretation by 



differing entities and field personnel and is, therefore, unacceptable. 



 



Comment 2: Section 4.2.1 and related sections, Site-Wide Grading Design Criteria.  Over 



the past few months, FMC verbally indicated that there would be no areas with slopes greater 



than 4H:1V.  As a result, text in the RDR, RAWP, and supporting documents was edited to 



eliminate references to erosion control blankets that would have been placed in such areas.   



 



EPA understands that physical constraints in limited areas (as discussed in FMC’s September 30, 



2015 letter) are unavoidable.  Accordingly, the maximum slope will be exceeded, and erosion 



control blankets will be placed on top the cap, in the following areas: 



 



 RA-F3 (1 area): an existing Idaho power pole located at the toe of the slope where burial 



of the base of the pole is not acceptable; 



 RA-K (1 area): in order to maintain grade at the existing paved surface at the top of the 



RA-K slope and have sufficient width at the toe of slope to construct the stormwater 



channel within FMC’s property; 



 RA-C (3 areas): two very small areas surrounding RCRA Phase IV pond post-closure 



monitoring systems that cannot be removed or relocated, and the third small area due to a 



lattice power tower at the toe of slope where partial burial is not acceptable; 



 RA-G: the northern-most extension of the north slope of RA-G (South 2) is slightly 



steeper than 4:1 to preserve the access road between RA-G South 1 and South 2 that will 



continue to be needed for groundwater monitoring and post-remedial action monitoring 



and maintenance. 



 



Although Section 5.3.5 of the RDR addresses placement of erosion control blankets on gamma 



cap slopes approaching 4H:1V, the RDR must also note that such erosion control measures will 



be needed for the ET cap locations noted above.  The RAWP and Specification 02270 for 



Erosion Control Blankets must specifically identify these areas as requiring erosion control 



matting due to steeper than anticipated slopes.   



 



Comment 3: Page 2-7.  Revise the last paragraph to: acknowledge P4 contaminated debris was 



encountered in RAs not previously identified as containing elemental phosphorous; describe 



other gases which can be generated; and refer to the gas monitoring program requirement of the 



soil remedy found on page 69 of the IRODA.   



 



Comment 4: Table 2.2.  This summary table of soil remediation areas and fill/source materials 



appears to be reproduced from an earlier document.  If so, the document must be cited and 



referenced.  Several of the boxes state that the RA “does not contain any identified or potential 



sources of COC releases to groundwater” yet include material which, it would appear, could be a 



potential source of groundwater contamination given sufficient leaching. Modify those boxes to 



clarify that no identified sources have been found, and briefly explain why the potential is 



considered to be low for contaminants to affect groundwater quality.   











 



Comment 5: Section 2.3.2, Nature and Extent of Groundwater Contamination and Surface 



Water Contamination.  This section does not appear to be necessary for the soil remedy RDR.  



If retained then additional contextual information must be provided.  This additional contextual 



information includes describing the source control function of the ET caps, the IRODA 



requirement to restore groundwater quality in addition to preventing of-site migration of 



contaminants, and the ongoing groundwater extraction and treatment system design. 



 



Comment 6: Section 2.4, Interim Record of Decision Amendment.  Modify the first 



paragraph to include the groundwater restoration aspect of the P&T system 



 



Comment 7: Section 2.4.1, Remedial Action Objectives for Site Soils.     List all seven of the 



IRODA RAOs (six are listed), and briefly describe how the soil remedy will address risks now 



posed either directly by soil quality or indirectly through percolation of contaminants to 



groundwater. 



 



Comment 8: Section 2.4.2. Selected Remedy Summary for Site Soils.  Add a paragraph which 



explains that each of the two types of soil caps have an effective layer needed to meet the RAOs, 



and additional soil or other cover material to ensure no loss of soil cap performance over time. 



 



Comment 9: Section 3.1.3, Gamma Caps.  Clarify that Section 3.3.3 describes work conducted 



to determine the thickness of the shielding layer, using WUA soil, needed for gamma cap design.  



For the descriptions of RA-F and RA-G point out that elemental phosphorous was encountered 



during grading phase remedial action construction. 



 



Comment 10: Section 3.2.1, Institutional Controls Program.  Revise the third bullet to 



include gamma caps whether in areas where elemental phosphorous debris has been encountered 



(e.g. RA-F and RA-G) or not.  Gamma cap integrity needs to be maintained just as ET cap 



integrity though for different reasons. 



 



Comment 11: Section 3.2.2, Gas Monitoring Program.  Modify the first paragraph to include 



RAs where elemental phosphorous debris was encountered during the grading phase of remedial 



action construction.  Modify the objectives to include potential risks to humans, especially in 



buildings. 



 



Comment 12: Section 4.1, Site Clearance and Integration of RCRA Monitoring Systems.  



Page 4-2 correctly notes that the 13 CERCLA monitoring wells that were abandoned are not 



included in the Interim CERCLA Groundwater Monitoring Plan of 2010.  These wells were 



abandoned by FMC with the understanding that new monitoring wells in these locations, and 



other locations too, might be needed.  Briefly explain that FMC elected to remove those 



monitoring wells with the awareness that replacement monitoring wells might be needed in those 



locations. 



 











Comment 13: Section 5.3.3, Soil Loss Calculations.  The second paragraph suggests that 



adding a few inches of soil to the gamma cap to serve as a thicker than two-inch erosional buffer 



would use too much soil from the borrow pit.  Information to demonstrate this assertion is not 



included.  And it appears inconsistent with Section 5.4 of the RDR which suggests that about one 



million cubic yards of WUA silt would be available beyond that needed for the current soil cap 



design.  Replace this paragraph to either describe how the gamma cap buffer thickness has been 



increased or to describe how a robust O&M plan to prevent/repair nearly all gamma cap soil 



erosion has instead been proposed.  This can include a cost/benefit analysis if helpful. 



 



Comment 14: Table on Page 5-13, Utilities.  Replace the warehouse septic system entry with a 



connection to the Pocatello sewer system consistent with a recent decision by FMC to make that 



change. 



 



Comment 15: Section 5.6.2, Integration with the RA-G North Soil Remedial Action. The 



second paragraph includes only one of the RAOs for groundwater as applicable to RA-G North.  



Modify to explain that groundwater beneath RA-G North is contaminated, will need to be 



restored, the anticipated groundwater remedial design will include extraction wells and 



monitoring wells within RAG-North, and FMC will need to ensure future use of RA-G does not 



adversely affect the groundwater RD/RA or other response actions.  



 



Comment 16: Section 5.8, Site Access and Security.  This section must be augmented to 



describe what part of the FMC OU is the exclusion zone, how FMC will prevent access to those 



not performing or supervising remedial action construction work, where decontamination 



stations are to be located, and other site access and security measures that apply to hazardous 



waste site cleanups under CERCLA.  



 



Comment 17: Section 8.0, Schedule for RD and RA.  A)  Modify projected dates to account 



for resubmittal of the soil remedy final RD package and RAWP.  B) Identify in the project 



schedule when RA-G North redevelopment area remedial action construction is anticipated to be 



verified as complete, which then will allow other construction contractors to begin their work.   



 



Comments 18- 21 Construction Drawings, Appendix H  



 



18. Construction drawings were reviewed for earthwork components.  It was noted that the 



construction drawings do not address all proposed Valley redevelopment features.  For example, 



the drawings do not appear to include cross-sections of the proposed utility trenches, the truck 



scale excavation, roadways, parking, and laydown areas.  Cross-sections are provided for the 



tank farm and the railroad load-out area, but do not show subbase and aggregate excavation and 



fill requirements in detail.   Engineering drawings must be provided to guide excavation and 



backfilling of each of these areas, in accordance with details from Section 2.2 of the CCP.  



 



 



 











Drawing 4, Utility Plan 



 



19. As discussed in other comments, FMC’s proposal to establish clean utility corridors, and 



thereby prevent future potential exposures to contaminated soil, is acceptable.  Section 2.2 of the 



CCP presents plans for excavation and installation of water lines, sewer lines, and electric power 



feed lines.  However, this drawing also shows three liquid fertilizer lines running from the tank 



farm toward the main plant area.  Given that this line crosses the main access point to the Valley 



facility, it appear that the lines will be located underground.  The CCP must be expanded to 



confirm whether these product lines will be situated below ground and, if so, to require 



excavation and clean backfilling of a trench for these lines.  Looking ahead, FMC will need to 



describe in the groundwater remedy how the integrity of liquid fertilizer lines will be maintained 



to prevent discharges to groundwater.  



 



Drawing S6, Structural Fill Under Footings 



 



20. The August 7, 2015 Geotechnical Engineering Report Addendum #1 by Materials 



Testing and Inspection (RDR, Appendix H, page 2 of 7) contains an apparent inconsistency.  As 



shown on Drawing S6 (insets 1b, 2, and 3), borrow material will be placed under footings in such 



a manner that there is a 12-inch layer of compacted fill between the uppermost layer of geogrid 



and the base of the footing.  This is consistent with construction descriptions in the table on page 



2 of the Geotechnical Engineering Report (Addendum #1).  However, the text immediately 



preceding the table calls for only six inches of compacted fill atop the uppermost layer of 



geogrid.  Revise the plans and drawings as appropriate for consistency on this issue. 



 



21. The June 23, 2015 Geotechnical Engineering Report from Materials Testing and 



Inspection (RDR Appendix H, page 15 of 27) requires that areas of compacted backfill extend 



beyond the perimeter of the footings for a distance equal to the thickness of fill between the 



bottom of foundation and underlying soils, or 5 feet, whichever is less.  A review of the inset 



diagrams on Drawing S6 suggests that FMC and Valley are overlooking this mandate.  



Regardless of fill thickness, the footings appear to be within a foot of the area of compacted 



backfill.  Revise the drawing to ensure that the footings will be adequately supported by a 



sufficiently broad area of compacted fill (and geogrid, where appropriate).  



 



C. Comments on the Performance Standards Verification Plan (PSVP) 



 



Comment 1: Gamma Cap Thickness.  See Comment B.1 above, on the Remedial Design 



Report, which describes how FMC must either propose a layer of soil to act as an erosional 



buffer to protect the gamma cap shielding layer or propose a much more robust   O&M plan.  



Requirements for a more robust O&M approach include, but are not limited to, more frequent 



soil depth measurements, a higher density of soil depth measurements, and demonstrably reliable 



means to measure soil depth at each location.   The PSVP text, tables, and figures must be 



modified as needed in response to this and other comments about gamma cap thickness, 



maintenance, and post-construction evaluation of protectiveness 











 



Comment 2: Gas Monitoring Plan.  See Comment A.4 and B.11 above, which focus on the 



scope, objectives, and elements of a gas monitoring plan in all areas where buried P4 waste 



material has been encountered.  The PSVP must also be modified consistent with these 



comments. 



 



Comment 3:  Section 3.1.1.3, First Bullet. Remove the quotation marks from the words 



random, sampling, and plant density. Provide the number of transects to be walked or a reference 



to where this number is documented. 



 



Comment 4:  Section 3.1.2.1, Performance Metrics for Phosphine Monitoring of ET Caps.   



 



a)  A single semi-annual measurement whether within the capillary break of ET caps or 



beneath gamma caps may be too limited since gas measurements are subject to changing 



atmospheric pressure.  Further, in areas where people are more likely to be exposed (e.g. 



buildings) to any gases generated there must be a period of more continuous monitoring 



to demonstrate protectiveness.  FMC must propose monitoring frequencies and methods 



which will take changing atmospheric pressure conditions over time into account, and 



which will demonstrate safe conditions where people are most likely to be exposed if 



subsurface gases are generated. 



 



b) The soil gas action level bullet suggests re-sampling within five days to confirm readings 



because of potential interference from motor vehicle exhaust.   This type of interference 



should be avoidable.  If re-sampling is warranted then it must occur promptly since 



atmospheric conditions can change rapidly.   



 



Comment 5: Section 3.4, Site Security Systems.  This section states that the RA-G North 



redevelopment area will not have its own perimeter site-security system.  This section and/or 



subsequent subsections must describe how FMC will ensure that people working or visiting the 



redevelopment area once remedial action is complete within RA-G North will be excluded from 



other parts of the FMC OU during remaining remedial action construction and, to the extent 



necessary, afterwards too. 



 



Comment 6: Section 3.4.1.1, Performance Metrics for Site Security Systems.  These metrics 



appear to assume current conditions where only FMC employees, contractors, and regulatory 



agency staff tend to be on site.  These metrics must be augmented to account for anticipated site 



conditions after the RA-G North remedial action construction has been completed. 



 



Comment 7: Section 5.0, References.  The first reference is to a memo submitted to EPA which 



has not been approved.  Remove this reference as it could suggest EPA agreement or acceptance.  



EPA does not agree with the memo and, in fact, has requested that FMC dispose of excavated P4 



waste differently than recommended in the memo. 



 











Comment 8: Tables 1 through 5.  The tables must be modified to be consistent with revisions 



to the text in response to EPA comments. 



 



Comment 9: Figure 4.  Modify as needed in response to previous comments on the Gas 



Monitoring Plan. 



 



Comment 10:  Figure 5.  Add a companion figure which illustrates a gas probe in gamma cap 



soil.  Also, schematically illustrate how gas concentrations will be measured beneath and/or 



within buildings. 



 



 



D. Comments on the Operation, Maintenance, and Monitoring Plan 



 



Comment 1: Gamma Cap Thickness.  See Comment B.1 above, on the Remedial Design 



Report, which describes how FMC must either propose a layer of soil to act as an erosional 



buffer to protect the gamma cap shielding layer or propose a much more robust OM&M plan.  



Requirements for a more robust O&M approach include, but are not limited to, more frequent 



soil depth measurements, a higher density of soil depth measurements, and demonstrably reliable 



means to measure soil depth at each location.   The OM&M Plan text, tables, and figures must be 



modified in response to this and other comments about gamma cap thickness, maintenance, and 



post-construction evaluation of protectiveness. 



 



Comment 2: Gas Monitoring Program.  See Comment A.4 and B.11 above, which focus on 



the scope, objectives, and elements of a gas monitoring plan in all areas where buried P4 waste 



material has been encountered.  The OM&M Plan must be modified consistent with these 



comments. 



 



Comment 3: Site Security.   Section 3.4 and subsections appear to have been developed without 



consideration of the RA-G North redevelopment.  The OM&M Plan must describe how FMC 



will ensure that people within  the redevelopment area once remedial action is complete within 



RA-G North will be excluded from other parts of the FMC OU during remaining remedial action 



construction and, to the extent necessary, afterwards too. 



 



Comment 4: Stored Materials at RA-G North.  The OM&M Plan must include provisions to 



ensure that stored material (vehicles, equipment, product, building materials, etc.) will not 



compromise the integrity of the cap.  



 



Comment 5: Tables 1.1 and 1.2; row 2 (Relevant Deadlines), column 4 (Topsoil Depth 



Monitoring).  Delete “(provided soil depth gauges are accessible).”  As discussed in Comment 



B.1 above, topsoil depth monitoring should be conducted at least quarterly unless FMC develops 



a gamma cap design with a thicker top soil buffer. Any gauges that are not accessible during the 



planned monitoring event must be checked as soon as they become accessible.  



 











Comment 6: Tables 1.1, 1.2, and 1.3; row 3 (Principal Study Question), column 4 (Topsoil 



Depth Monitoring).  The wording of the question/statement is confusing and the mechanism of 



soil loss is irrelevant.  A more accurate question is “Is the topsoil depth maintained between ‘X’ 



and ‘X’ inches?”  



 



Comment 7: Tables 1.1, 1.2, and 1.3; row 4 (Alternative Actions), column 4 (Topsoil Depth 



Monitoring).  The current text leads the reader to believe the adequacy of the cap is a foregone 



conclusion, regardless of topsoil thickness.  The evaluation of topsoil loss must be used to 



determine if the cap thickness is adequate.  Reword this statement accordingly.  



 



Comment 8:  Figures 3-12 and 3-13.  Consistent with comment #1 on the OM&M Plan, the 



proposed gamma cap soil thickness sampling density of one sample per four acres is too scant. 



The sample density shown in Figures 6, 7, and 8 of the PSVP for post-construction gamma 



emission testing is also acceptable for OM&M Plan soil cap thickness testing.  If FMC does not 



want to replicate the MARSSIM-based measurement density for soil cap thickness then a 



rationale for an alternative approach must be presented which will provide assurance that depth 



criteria will be met consistently and uniformly. 



 



 



E. Comments on the Soil Remedy Remedial Action Work Plan 



 



Comment 1: Section 3.1, Site Access.  A) This section must be augmented to describe what part 



of the FMC OU is the exclusion zone, how FMC will prevent access to those not performing or 



supervising remedial action construction work, where decontamination stations are to be located, 



and other site access and security measures that apply to hazardous waste site cleanups under 



CERCLA. 



 



B) In light of the planned commercial construction work within part of RA-G North shortly after 



soil remedial action construction is verified as complete in that area, FMC must describe how 



people not engaged in remedial action construction or oversight will be excluded from RA-G 



North until remedial action construction is accomplished and, further, how people within RA-G 



North (once remedial action construction is complete in that location) will be excluded from 



other parts of the FMC OU prior to soil remedy construction completion in those remaining 



areas. 



 



Comment 2: Section 5.4 Dust Control and Air Monitoring Plan.  Briefly describe how the 



DCAMP will be implemented when grading within RA-G North to prepare for capping and 



building foundations as that aspect of remedial action construction had not been anticipated in 



March 2015 when the DCAMP was revised. 



 



Comment 3: Section 7, RD/RA Soil Remedy RD/RA Schedule.  A)  Remove boldface from all 



dates which are projections.  B)  Modify projected dates to show an anticipated resubmittal date 



for the soil remedy final RD package and RAWP and corresponding revisions. C)  Identify in the 











project schedule when RA-G North redevelopment area remedial action construction will be 



verified as complete, which then will allow other construction contractors to begin their work.   



 



 



F. Comments on the Contractor Construction Plan (CCP) 



 



Section 1.0, Introduction 



 



1. Clarify in the first sentence that this plan is for remedial action construction work. The plan 



currently reads more like a general construction plan.  



 



Section 1.2, Project Description 



 



2. Clarify that this remedial action construction work is to implement the soil remedy at RA-G 



north, and describe briefly how construction of the Valley Agronomics facility will occur after 



remedial action construction has been completed in RA-G north.   



 



Section 2.0, Scope of Work 



 



3. Correct the spelling on Western Undeveloped Area in the third bullet. 



 



4. Clarify in the mobilization section that CBI will ensure all people on site have received 



required health and safety training. 



 



Section 2.1, Earthwork 



 



5. Clarify that CBI will be performing all earthwork within the RA-G north redevelopment, to 



complete remedial action construction, prior to subsequent Valley Agronomics construction 



work.  



 



Section 2.1.1, Excavate and Transport Soil from RA-G North, page 6 



 



6. The plans indicate that material excavated from RA-G North will be moved to RA-A or RA-F 



prior to placement of gamma caps over those areas.  The plans must estimate the volume of 



material to be excavated to accommodate each Valley feature, building on the dimensions 



provided in Section 2.2 of the CCP.  FMC must then provide documentation confirming that RA-



A and RA-F have sufficient capacity to accept the total volume of excavated materials without 



requiring cap redesign.   



 



Section 2.1.2, Excavate and Transport of Soil and Cobble, page 6 



 



7.  This section indicates that one crew will be tasked with excavating, loading, and transporting 



soil and cobble material from the Western Undeveloped Area (WUA) to RA-G North for grading 











and backfilling.  This section must be expanded to indicate whether the excavated material will 



requiring any testing, sorting, or crushing prior to use.  Specific details of those actions will need 



to be included in the plans, and FMC must document that the cobble and gravel material 



proposed for use is consistent with aggregate base and bedding materials evaluated by FMC 



during the gamma emission rate measurement study in December 2015.   



 



Section 2.2, Valley Agronomics Distribution Facility Earthwork Construction Activities, pages 6 



through 8 



 



8. Several components of the redevelopment project to be constructed subsequent to completion 



of remedial action construction within RA-G will be conducted by other contractors.  FMC must 



ensure that only remedial action contractors are permitted access to the redevelopment site until 



the soil remedy at RA-G North has been fully installed and its performance successfully verified. 



Additionally, FMC must ensure that institutional controls protect the soil remedy from 



excavation once constructed.  



 



9. Rewrite the two paragraph in the center of page 7 to remove reference to an on-site sewage 



system, and replace with language that describes the sewer lines needed to connect to the 



Pocatello POTW.   



 



10. The discussion on page 8 details differing capping construction details for the access 



roadways and parking/laydown areas.  This section of the CCP indicates that the access road will 



receive 14 inches of cobble and a layer of geotextile, whereas the parking and laydown areas will 



receive only 12 inches of cobble (without geotextile).  As indicated with regard to this same 



issue in the October 2015 FMC Addendum for RA-G, the design must clarify that construction 



of roads, parking, and laydown areas will be on top of, in addition to, and not interfering with, 



the required gamma cap.  Considering the anticipated wear from traffic in this area, the design 



specifications noted above are inadequate.  



 



Section 3.2, Dust Suppression, page 8 



 



11. This section of the CCP outlines dust suppression activities to be used during earthwork 



activities associated with the Valley redevelopment project.  These procedures rely on (1) 



application of water to roadways and active excavation areas to mitigate visible dust, and (2) 



maintenance of established speed limits on haul roads. This is consistent with Dust Control and 



Air Monitoring Plan which also calls for the use of tacking material if necessary.  State clearly 



that the DCAMP applies to this aspect of remedial action construction. 



 



Section 4.0, Valley Agronomics Distribution Facility Earthwork Construction Activities, pages 6 



through 8 



 



12. This section discusses decontamination of equipment and tools via scraping and pressure 



washing.  The text indicates that rinse water will remain on site.  Additional details must be 











provided as to where decontamination will occur and how rinse water will be managed and 



disposed.  The decontamination area must also be shown on a map. 



 



Remedial Action Construction Schedule 



 



13. The construction schedule mixes remedial action construction work and subsequent building 



construction.  A schedule must be submitted which clearly delineates the remedial action 



construction tasks and duration, when remedial action construction will be verified as complete, 



and when subsequent construction work will begin. 



  



G. Comments on the Contractor Construction Quality Assurance/Quality Control Plan 



(CQA/QCP)  



 



1. The introduction must state that this plan is to implement remedial action construction for 



FMC to implement the soil remedy approved Remedial Design. 



 



2. The introduction must clearly explain that Valley is a third-party proponent of the RA-G 



North redevelopment project.  Operational plans are secondary to implementation of the 



FMC OU soil remedy to be implemented in 2016, and the groundwater remedy currently 



in the design phase. 



 



3. The introduction must clarify that remedial action construction within RA-G is to be 



verified as complete prior to subsequent Valley Agronomics construction work. 



   



4. The plan must state that all nonconformance issues will be elevated to the attention of 



FMC and the Parsons Construction Manager since this is remedial action construction 



performed by FMC.  This particularly applies to Section 7.1.5 



 



5. According to text on page 1-1, the CQA/QCP will be used to ensure that minimum 



thickness requirements are met with respect to the storm water retention pond, building 



subbase soils and aggregate, detention cover soils, and scale subbase aggregate.  The plan 



must also be used to confirm adequate thickness of the tank farm aggregate. 



 



6. According to the text on page 1-2, procedures and criteria in the PSVP will be used to 



demonstrate gamma cap equivalency in terms of radiation exposures.  However, the 



PSVP was originally designed to address relatively uniform capped areas, unlike features 



anticipated for the RA-G North redevelopment.  FMC must either: (1) expand Section 



3.2.1.1 of the PSVP to clarify how it intends to perform final status surveys in RA-G 



North areas where construction takes place, or (2) provide specialized survey procedures 



in the CQA/QCP for each of the proposed Valley facility features.  Furthermore, because 



the proposed aggregate base corresponds to the gamma cap’s primary shielding layer 



beneath proposed RA-G structures, this layer must be shown to provide adequate 



protection from gamma exposures.  











 



7. Section 1.2, Purpose, must clarify in the first sentence that this is remedial action 



construction work and reference the soil remedy Remedial Design and RAWP (not the 



RD Work Plan) in the last sentence of the first paragraph. 



 



8. The last paragraph of Section 1.2 must explain how FMC will ensure QC inspections 



performed by a contractor to Valley will meet remedial action construction requirements 



which are FMC’s responsibility. 



 



9. Section 2.1.1 must state that CBI is responsible for implementing the EPA approved final 



Remedial Design for RA-G on behalf of FMC.  This section currently suggests that CBI 



is primarily working for Valley Agronomics. 



 



10. Section 2.1.5 must primarily describe how FMC will ensure the soil remedy is 



constructed as approved by EPA.  Any need to request revision to the Remedial Design 



during remedial action construction be presented to EPA for review and approval. 



Likewise, FMC’s Remedial Design engineer is responsible for affirming that the soil 



remedy in RA-G has been constructed per the EPA approved RD. 



 



11. Revise Section 2.2.1 to state that the Remedial Action Pre-Construction meeting will 



include EPA, and an invitation extended to the Shoshone-Bannock Tribes and Idaho 



Department of Environmental Quality at least ten (10) days in advance of the meeting. 



 



12. As stated in Section 5.1 (page 5-1), CB&I will conduct earthworks associated with 



redevelopment of RA-G North.  However, above-ground construction of facility features 



will be performed by other contractors under the direction of Valley.  For protection of 



human health and the environment, FMC must ensure that only remedial action 



contractors (CB&I) have access to the site until the soil remedy has been fully installed at 



RA-G North and its performance has been successfully verified.  Access must also be 



limited to ensure that general construction contractors do not enter into other areas of the 



OU as they are undergoing remedial action construction. 



   



13. Modify the bullet in Section 5.1 to exclude an on-site sewage system and include a sewer 



line to connect to the Pocatello POTW. 



 



14. Expand Section 6.1.2 to specify that, in accordance with the June 23, 2015 Geotechnical 



Engineering Report from Materials Testing and Inspection (RDR Appendix H), fill 



material will be moisture conditioned to achieve optimum moisture content prior to 



compaction. 



 



15. Include a table in Section 6.1.2 which corresponds to the text and shows fill type, number 



of lifts, maximum loose thickness of each lift, compaction requirements, QC testing 



requirements, and required total minimum completed thickness of each fill type. 











 



16. Revise the bullets on page 6-2 to refer to Table 6.1 for fill material compaction testing, 



test methods, and frequencies. 



 



17. The contractor construction plans do not include an estimate of the volume of borrow soil 



that will be needed to complete redevelopment earthworks.  However, several of the tests 



frequencies are specified as a function of borrow soil volume.  Thus, it is possible that 



physical characteristics of the entire volume of borrow soil could be based on analytical 



results of one sample.  At least two samples are recommended for each testing parameter 



to allow for comparison and a rough evaluation of the likely accuracy of the data.  Revise 



the CQA/QCP accordingly. 



 



18. Modify Table 6.1 to include in-placement testing frequency for under footings, 



foundations and other structures on the site if they are part of the soil remedy.  



  



19. Section 7.1.2 This section must be expanded to indicate the daily reports will also specify 



locations and volumes of soil excavated from the RA-G North redevelopment area; the 



disposition of that material in either RA-A or RA-F; the location and approximate 



volume of P4 discoveries, and response actions taken.  These items must also be included 



in the weekly progress reports that will be provided to the Parsons Construction Manager 



as described in Section 7.1.6. 



 



20. Section 7.1.3.1 describes four inspection phases:  preparatory, initial, follow-up, and final 



for the remedial action construction work.  Correct the section heading and text 



accordingly.  



 



21. The inspection process described in Section 7.3.1 includes a preparatory inspection 



before work begins, initial and follow-up inspections as earthwork proceeds, and a final 



inspection when each definable feature of work has been completed.  These final 



inspections will confirm that all established QC criteria have been documented with test 



results, sampling data, photographs, and so on.  This approach is generally acceptable.  



However, the plan is unclear as to how the timing of these inspections will correspond to 



installation of below ground structures by third parties (e.g., liners, utility lines) and 



confirmation testing specified in the PSVP (e.g., final status surveys) to ensure adequate 



cap thickness and gamma radiation shielding.  The redevelopment earthwork is remedial 



action construction and will not be considered complete (and ready for above-ground 



construction to commence) until FMC documents achievement of soil remedy RAOs for 



this area. PSVP confirmation must occur prior to final inspection and submittal of a final 



earthworks construction report. Modify this section to explain how the timing of these 



inspections corresponds to confirming remedial action to be complete within RA-G and 



subsequent construction work by other parties.  



 



 












